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r?: ':'. disease of indigo in behae. 


H, M AA WKi.L-f.KFfiOY, M-A,, P.E.S., p.z.s., 
; ' Stitomoh w < . 




t^F‘D-,(eu >1! Ifidiau Atuseuni 

1. » 

f -M^iy ■ - r?:- 'jiijiyw y> ifi Beiignl 

^ Fi^. ^ -t unate 

’-'kiM, ' ' A V'^vH’y; nsseor', ^vliieh 

h'Ori i »j!; utfectod f>]HD)tS. , Tt 

I 4, — The plant cdhamenqing to curl as the nymphs coqAmenoe to suck it. 

pasfijng,U»fae!j^l*«k oAl«l4y! » Iiyllflw . it lias 

|v ? ,|‘oijih:* 4 ®iei wrogad adult. 

I ,i , '^xvm 

. a'culate?h° mfeitiber-s of the Behar Planters’ A>so- 

luon. In this repoii. It ^^a 8 stcited that Psy/ht was pfoljabiy 
indigenous xo Behur, u.iH no new insect from elsewhere, ami the 
tpD >Ht>rt of why in U >07 it should be excessively abundont was 
d.scussod. Two aiteniatives were suggested, one that (bo ^veaiher 
hvVt been unusual and favoured it, the other that the cuUi ration of* 


.hi.\.i plant throughout the year iiad favoured it, as it lived and 
\>rM ail the year on the indigo sowm in Se[jtember or <>n the 
rhoiis loft standing in October for another year. It wafj also 
r>' dated out that if the outbreak was due to weather, it would pass 
•af, if due to t!io altered wory of growung indigo it would grow 
worse. The 1907 outbreak was put down to a coinbhmtion of 
V»oth causes and, in the light of subsequent events, probably .this 
was only partly correct, weather conditions having nothing to do 
with it (Agricultural Journal of India, Voi. II, p. d84.) 
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THE PSYLLA DISEASE OF INDIGO IN BEHAH. 


BY 

lU MAXWELL-LEFROY, m.a.. f.e.s., f.z.s., 

Im f erial E^iiomologi^l, 

PsylJfi on indigo in Bengal was recorded in Indian Museum 
Notes as occurring in July 1 890, the indigo crop in Bengal 
having been reduced about one- third according to an estimate 
made by ^lessrs. Jardine, Skinner k Co. Young insects which 
were tlien named PiijfUa i^iUH were found on affected shoots. It 
is known also to occur in Madras, specimens having been sent to 
Pusa in 190;) from South Arcot : and in Cawnpore, where it has 
been found this year. 

In 1907, it was abundant in Behar and a report was prepared 
and circulated among members of the Behar Planters’ Asso- 
ciation. In this report, it was stated that PsijUa was probably 
indigenous to Behar, was no new insect from elsewhere, and the 
question of wliy in 1907 it should be excessively abundant was 
discussed. Two alternatives w^ere suggested, one that tlie weather 
had been unusual and favoured it, the other that the cultivation of* 
Java plant througliout the year had favoured it, as it lived and 
bred all the year on tlie Indigo sowm in September or on the 
plants left standing in October for another year. It was also 
pointed out that if the outbreak was due to weather, it would pass 
off, if due to the altered way of growdng indigo it would grow 
w'orse. The 1907 outbreak was put down to a combhiation of 
both causes and, in the light of subsequent events, probably -this 
was only partly coiaect, weather conditions having nothing to do 
with it. (Agricultural Journal of India, Vol. II, p. 384.) 
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Information was collecjted in 1907 by the Behar Planters’ 
Association as to the prevalence of Psylla on factories and the 
Managers of many Concerns were good enough to send in inform- 
ation. In 1908, the pest was reported to Pusa from Beni pore, 
Sakri and from Kooria, Bettiah. In 1910, it was reported from 
Tlnmsnuggar, Samastipur and from Nawadah Seeraha. In 1910, 
it appears not to have been general as information was asked for 
and only two Concerns reported it. In 1911, it was reported from 
only a few Concerns, but was doing serious damage, and in Nov- 
ember the General Secretary, Behar Planters’ Association, wrote 
to the Inspector-General of Agriculture, referring to “disease’' 
in the koontee crop and estimating the loss at Rs. 15,00,000. 
This loss was not attributed directly to Psylla but partly to 
Psylla and partly to what were believed to be fungoid diseases. 

At the present time, indigo is growing in Madras, in the 
United Provinces and in the Punjab on the old system which 
prevailed before Java was introduced : in these places, Psylla 
occurs and its parasite ; no new parasite has been found, but in 
these places Psylla has not assumed the large proportions it has 
in Behar, nor is it a serious pest ; it occurs there as it did in 
Behar before Java was introduced, on a small scale and com- 
pletely kept in check by natural causes. The reason it has 
remained as a serious pest to Java indigo since 1907 is, I believe, 
entirely due to the change in the method of growing indigo ; 
all the available evidence supports this view and there is nothing 
unreasonable in it. 

• Existing Diseases. — The Java indigo plant at the present 
time differs markedly from the plant grown in 1905-1906 when 
Java was first introduced. This diiference is shown clearly both 
in koonties and in moorhun plant kept for seed. Almost every- 
where in Behar, there is a very great decrease in the yield of 
koonties, due to their poor growth and to the los's of leaf. Two 
distinct sets of conditions are noticeable. In the first the plant 
groivs weakly ; some of it dies, the leaf drooping, withering and 
turning black, the shoots die completely ; this occurs in koonties 
sporadically or in blocks, and affects mostly quite young shoots 
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on plant tliat has been cut late. It occurs rarely in moorhun 
plant. Much more of the plant pre.sents different s\miptoms ; 
the leaflets become crisp, curl lonaitudiiialiy towards the mid-rib, 
turn 3"elIow and fall off; instead of a long growth of green 
leaves one finds a small cluster of foliage at the tip of the 
^slioot, the leaflets frequently being veiy small and yellow ; 
eventuall}’’ these shoots dry up ; in many cases fresh green 
foliage grows at points on the stems, but this does not fully 
develop. 

These two appearances of disease appear to be distinct; 
they may occur on the same plant ; they may occur on koontie 
or moorhun plant ; but, on the whole, there is comparatively 
little of the black wilting and a very great deal of the yellowing. 
So far as iri}^ observation during three montlis this year shows, 
the loss of plant in koonties and the failure of either koonties 
. Oi* nioorhun plant to produce seed is almost wholly due to the 
latter condition whicli we ma^^, in the absence of a name, call X. 
The terms Wilt and Cliarybdis have been used to designate 
this condition of the plant ; “ wilt,” if used at all, should be 
reserved for the condition when the leaves become flaccid, turn 
yack and diy up, not for the condition we designate X. The 
term Charybdis is misleading, as the disease follows P.^ylla in 
time but not as a consequence. 

Thej-e is a furtlier definite condition of the plant, which has 
been produced by the presence on the plant of Psylla ; in tins 
condition, the leaflets curl irregularly, the tender apical shoot 
ceases to grow straiglit but curls into a compact knot with the 
leaflets ; almost always it is only the tip of the plant which is 
affected ; in some cases curled leaves are found a little way from 
the apex, due to the leaflets only having been affected and the 
shoot liHving grown through and formed healthy leaves beyond ; 
this condition is characteristic either of a light attaeje on the 
leaves only or of an attack which occurred some time before, 
from which the plant has recovered. If the Psylla remains long 
on one shoot, growth ceases entirely, the tip dies, the leaves fall 
off and side shoots come out. In the insectary it has been 
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possible to kill the terminal shoot with heavy infections of Psylh. 
but this rarely occurs in the field. 

At the present time only one definite organism has been 
found on indigo : this is the insect Psylla. It has beeii 
supposed that all the above symptoms of disease are connected 
with Psylki, but I am convinced that this is not so. The. 
presence of Psylla has no direct connection with any disease 
symptom except the curling of the tips and leaves, and other 
causes have to be sought for the more serious effects produced. 
The reasons that lead me to this belief are : — 

(1) Java indigo growing at Cawiipore has but show.s 

no other disease symptom than those mentioned as due to Psylla. 

(2) Plants grown in the insectary and well infected with 
Psylla do not show symptoms of either of the other diseases. 

(3) There is not in the field any correlation between 
abundance of Psylla and large loss of plant from wilt or X, K 
Psylla was connected with either, one would find a correlation 
between abundance of Psylla and large loss of plant from wilt 
or X. 

(4) Plant growing in the field, and showing all forms of 
disease, if kept free from Psylla b}’ spraying, does not show any 
le.ss increase of X than plant in which Psijlla is not checked. 

(5) Sumatrana indigo is heavily infected with Psylla but 
does not exhibit symptoms characteristic of X. 

(6) The localised occurrence of X on individual shoot.< 
bears no relation to the relative occurrence on these shoots of 
Psylla. 

I have very carefully examined indigo growing at a number 
of Concerns in Behar during August, September, October and 
November 1912, and I am convinced that there is no diiecl 
connection between the occurrence of Psyylla and the amount oi 
wilt or of X present. I believe that the very great loss in indigo 
is due mainly to X ; the occurrence of X does not seem to bo 
correlated with any general characteristic of soil drainage, method 
of cultivation, treatment of the plant or crop rotation which can 
be found by observation ; X develops from August onwards in 
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increasing amount in both koonties and in moorhun plant ; it 
develops just as much in plant infected with as in plant 

freed from PsyUa by spraying or in plant in wliieh Fsylla is 
almost absent. I have seen no plant in Behar absolutely free of 
PsijUa ; the Sirsiah plant.s which have been individually under 
^the very closest observation have developed X (phte independently 
of the relative amount of P,'iyUa on them ; plant grown at Push 
under different conditions lias developed X in all cases ; there 
does not appear to he any connecticni between the foulness of the 
land or the cleanness of the land and the occurrence ol‘ X, and 
my belief is that in both wilt and X there is an organism or a 
definite physiological cause completely independent of Psylla. 

I treat P.<ijUa t]ierch)re as being the direct cause only of curling 
of the tips and leaves, with a clieckin<r of frrowth, Icadinof to a 
decreased weight of cut plant and to a small decrease in the seed 
yield. 

The main factor in the failure of the plant to seed is tlu* 
great increase of X in the plant from August onwards : Psylla 
checks the growth of the shoot ; it does not cause the leaf to 
turn yellow, or to fall off, nor does it lead to the very extensive 
death of plant which occurs during October — November. It is 
clearly a far loss important hictor than is X, but it is still a factoi- 
that cannot be neglected. Fortunately it is a deal* definite pest, 
whose behaviour can be studied and which can he cliecked 
without great difficulty. Its position in regard to indigr) is quite 
clear ; it behaves exactl}^ like other insect pests and there is no 
room for doubt as to what it does. It causes certain definite 
symptoms in the plant, its abundance is due to (piitc definite 
known causes and it is possible to put down accurately exactly 
the part it plays in regard to the cultivatian of indigo. 

The inquiry this year has shown that we have to lo(tk to 
more than P.njlla, and' while FsyUa is important, the degeneration 
of the plant generally, the occurrence of the disease X, 
the failure of koonties and seed plant are very much more 
important. If these problems could be settled, if the plant 
could be got back to the vigour it first showed, indigo 
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planters would be in a very much better position. The 
occurrence of the disease X in the experimental plant at Sirsiali 
has ruined the work that was being done there, and until the 
problem of this disease is settled, it is unlikely that any progres;^ 
can be made there. If it had been a question of Psylla, it 
would have been all right, but it is unfortunately not and, if thi.s 
inquiry has no other result, it has done good by bringing forward 
the enormous importance of the disease-conditions X and their 
influence on the indigo crop. 

Effect on the PlanL—Tho effect of Psylla on the plant is 
well known to planters : it differs in the Java and Sumatrana 
plants owing to their different habit and structure ; the Java tip 
curls into a very compact hard knot owing to the thick stem and 
the crowded leaves (plate II, tig. 2) ; the long slender steins of 
the Sumatrana with their leaves well spread out curl into less 
compact masses. (Plate 11 , fig. 4). Curling is caused by the 
action of one or more nymphs, commencing usually after two 
days from the time the nympli is put on the plant. In no other 
way has curling been produced, and though there are other 
insects on the indigo, the curling is the direct result of the 
Psylla nymph sucking the shoot or leaf. Neither the Aphid nor 
the Jassid, common on indigo, produce curling. Curling is not 
permanent; a plant w^as infested witli nymphs (5) on the 17th 
Februaiy and curling appeared on the 22tid. By the 1st Marcli 
all the nymphs had become adults and the plant was free. It 
was healtliy, the shoot had grown well and there was no sign of 
curling by the 29th March. Curling is not caused by the adult 
form : a plant wms infested with five adult females that came 
out on the 22nd February ; one escaped ; two died on the 26th 
March, one on the 28th March, one on 29th March. They laid 
more than 800 eggs none of which hatched (there had been no 
mating). The plant slxow^ed no signs of curling. It is worth 
noting that w'hilst in 1907, Sumatrana w^as more attacked than 
Java, the reverse is generally the case now : it seems that the 
nsect finds conditions better on the Java plant, mainl^q I think, 
because of the more compact curl produced and so has accus- 
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tomed itself to that plant and goes less to the Suinatraiia ; in 
additioii, the actual damage done to the Sumatrana plant is very 
much less than to the Java, owing to the different habit of the 
plant. 

Lije Historij of P^ylla , — (Plate 1). The Psylla hatches 
from eggs laid by the female on the plain and the following are 
the more important points of the lii'e of the insect : — 

Eggs are laid singly, stuck to the plant ; they are laid near 
the tip of tlie shoot if there is room, either on the stem itself, 
or on the leafstalks or the leaflets. Each egg is cylindrical, 
tapering to each end, one end a little broader than the otlier ; 
when first laid they are very pale yellow, almost white ; in two 
days they become deep black. 

The bursts at one end and there emerges the young 

Psylla ; wlien it has got clear of the egg-shell, it walks away. 
In this form it is called a Nymph it lives for a number of 
days growing larger ; at intervals it has to moult, casting the 
complete skin ; this moult allows for growth in size, and also 
allows the wings to develop. There are five such moults at 
intervals of 2 to 5 days ; at the last moult the fully grown 
insect appears, able to fiy and also able to reproduce. The male 
is a little different to the female in appearance, smaller and 
slightly browner. Until the last moult is completed tlie insect 
cannot fly ; it can only cra\^ 1 ; it spends its time on the tip of 
the shoot or on the leafstalks or among the curled-up leaves ; 
it feeds by sucking the juice from the soft plant ; and until it 
gets wdnged, it endeavours to spend its whole time in concealment 
among the leaves where it may obtain food and be sheltered. 
It is flattened, with long legs, and its general appearance is best 
seen from the plate ; in the first stage it has no signs of wings, 
but the wings gradually develop as lobes on the sides and one can 
tell the stage of development from the size of the insect and of 
the lobes. In colour it is of a yellowish tint, with the w inglobes 
getting brown ; the larger forms maybe greenish. 

If eggs are laid by the adult on a plant completely free of 
Paylla and these hatch, curling of the tip will commence after 
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two days; the nymph alone causes curling and it has only to Im- 
on the plant for two days for curling to commence. The iiympli 
is so flat that it can live singly in the tightly-folded leaves of th^ 
crumpled top ; it is nearly as flat as the common bed bug and has 
similar habits with regard to the plant that this insect has witli 
regard to man. The fully grown winged form is not flattened, 
is more activGj flies about, and may be seen sitting on the leaves 
or shoots ; it does not cause curlin<^ and there is nothino' to show 
if it is on the plant or not, unless it is actually seen. Thf 
females can begin to lay eggs in three to four days after they haw 
become wdnged, and lay eggs during eight to twenty-six da3^s : 
they may live longer but usually die in about fourteen days 
after emero'ino’ ■ the males die sooner. 

The total life is as follows : the eggs are laid and hatcli in 
from 5 to 10 days ; the nymph feeds and dcveloj^s In the shoot, 
causing it to crumple, it has five moults, spends over 12 to 20 
days and then becomes winged, in four days the males may be 
dead, the females connnence to lay eggs. In the laboratory, 
adults, both male and female, Itave lived U[) to 39 day.s on indigo. 
The total period of a generation is from 23 to 33 days ; the shorter 
periods are in the hot weather, the longer in the cold. Tn the 
co]de.st part of the winter there is one generation that occupies 
at least two to on tbs. 

This sequence of events is the normal one when there i.s 
indigo growing : when there is no indigo, it is uncertain if the adult 
Psylla can live on other plants or can remain alive witliout food 
‘indefinitely. It is certain that it remains alive as an adult, feed' 
iiig on otlier plants hut not laying eggs on them. That i.s, the 
only stage in wfliich it lives over wflien not on indigo is in the adult 
condition. This is also the only stage in which it moves 
about ; the nymph, if removed fi’om the plant, can crawl, 
but ordinarily wdll not move out of the crumpled leaf unless 
compelled to. 

It is necessary to realise clearly that there are thus two 
distinct forms of Psylla ; the egg and nymph forms which ai< 
passed on the indigo plant and only there, and w'hich are not 
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prolonged for more than iIO days in warm weather : and the 
adult winged form whicli i.s independent of indigo except for 
egg-laying, which flies about, lives on other plants and i.s not 
limited to a life of only 20 days. 

During this season, it was noticed that some PsjfUa nym[)hs 
^.behaved differently to the rest ; instead of remaining in the 
^closely curled top, they migrate down tlio stem and fix them- 
selves ilia colony at one spot ; this was observed by !Mr. Parnell 
at Sirsiali ; it was then noticed at Pusa and colonics wei'e kept 
under observation. 

When a nymph is parasitised, m'., contains the [larasitr 
grub that is destroying it, it has tins habit normally but eaeb 
nymph is solitary ; in the abo\ e case of colonies some of tin- 
nymphs might be parasitised but not all ; and some colonies 
consisted of unparasitised normal nym[)hs which developed 
normally to winged adults. This peculiar habit was noticed 
only in September-October tins year, it may be connected with 
some condition of the plant or with the v^iy heavy fall of dew 
that set in this year in the middle of September. 

RateoJ Jnerease. -Individual females ]ia\’e been found (<» 
lay eggs numbering respectively 274, 314, o72, 208, 710, (31), 
828. The normal rate of increase we may take to be some- 
where between 200 and 800, say 500; be., if therti is a fresh 
generation every month, a pair of Psj/lla would increase as 
follows : — 

1st January ... ... '2 P.^i/lla.^ Uy DOO eggs. 

1st February ... ... 200 females ,, 100,000 ,, 

1st March ... 40,000 „ 20,000,000 „ 

1st April ... 8,000,000 „ ,, 40,000 millions. 

This is assuming 400 out of 500 to live to the adult state 

and of these 200 to bo females that mate. Thi.s docs not occur 
probably in Nature and there is not normally this actual rate of 
increase ; but something approaching it might occur if indigo 
was sown in a fresh place surrounded by other crops and one 
fertile female dew into it from a distance. 
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Food Plants, — Psylla feeds and increases normally upon 
cultivated indigo ; Prain states that both the present cultivated 
indigos are introduced plants : there is reason to believe that 
Psylla is an indigenous insect to India, and that it took to 
growing on indigo when that was cultivated. In that case oiit 
would expect that Psylla bred upon some wild plant either on 
indigo (t.c., Ind^gofera) or possibly some plant, not allied to 
indigo, but containing the substance indican. Prain mentions 
one species of Indigojera as occurring wild in Behar ; Indigo fera 
lini folia, a small weed in lawns and pastures. 

Trials have been made of some of these to see if Psylla 
will feed or will breed on them. With Indigofera hnifolia and 
I. {?) tinctoria, no success was obtained. With Indigojera 
oligosperma, I paucijlora and 7. anil, the nymphs would feed 
and develop ; they are not wild species in Behar however. 

These points are important in view of the occurrence of 
Psylla on new lands ; it is almost certain that Pi^ylla has a wild 
food -plant in Bengal ; this plant may be rare in Tirhoot ; we 
have not found it though we know of two plants other than 
indigo on which the Psylla nymphs will develop ; whether we 
find it or not is immaterial, as Psylla may have now entirely 
forsaken it and adapted itself to cultivated indigo. 

It is necessary also to emphasise the fact that in thh 
question of food-plants I am considering those on wdiich the 
insect multiplies, that is, on which the adult lays eggs and on 
which nymphs come to maturity ; the food- pi ants of the adult 
are probably wider and not restricted in this manner. It h 
thought that Psylla reappears mysteriously after floods and 
also is found unaccountably on lands sown for the first time 
with indigo, for instance, on clean lands far from cultivated 
indigo. We know of no stage in which the insect can wait 
except the adult, we know of no limit to the distance it might 
be blown, be carried by birds, men or carts, and we have no 
reason to doubt that female Psyllas might in flood go to the 
tops of trees, and descend ngain to lay eggs upon indigo after 
two or more months. When one Psylla can pi'oduce 600 curled 
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tops, it can be seen that not many are required to make a visible 
eflect. 

Any one interested in tliis [)oiiit must remember that it is 
the winged Pr'iylUi that is to be looked tor olF indigo and not 
curled leaves produced by nymphs. 

The distance travelled by winged Psylla is not known. 
Indigo sown in a Held in Pusa in November was infected early in 
February ; there had been no indigo cultivated in Pusa for over 
-18 months and the nearest was not less tliaii a mile away. It 
probabl}^ took days or weeks to travel this distance. 

Psylla occurs everywhere in Behar, I have sought in vain 
for any indigo completelv free, even in fields situated as much as 
seven miles froinjany other indigo. On new land never before in 
indigo and miles from any cultivation of indigo, P.^ylla appears 
the first season. 

Attempts have been made to find the plant on which the 
winged Psylla lives over the winter if there is no indigo or on 
which it lived before Java was cultivated. It must be remember- 
ed that P.'^ylla will feed on various indigos, though not on the 
commonest wild indigo ; and trials have been made with a long- 
series of common plants to see how long adult Psylla will live on 
them. In captivity, Psylla will live for foi'ty days on indigo ; on 
no plant except the above has it lived lunger than four days. It 
is impossible to test all the plants of Behar in a short time ; we 
have not hit upon its food-plant as yet, but it clearly has one, 
unless it finds sufficient indigo growing in odd corners or finds 
sufficient Tephrosia purpurea. 

Psylla and Sxematrana Plant. — Prior to I905-BJ06 or there- 
abouts, Sumatrana was the indigo grown ; it was in the land 
from March to October ; from November to March the Psylla 
was in the fields in the winged adult form waiting through the 
winter. 1 make this statement deliberately on the evidence avail- 
able as to its habits, not becau.se 1 have ever personally seen it. 
I believe that if indigo was again grown on the old system the 
former state of things would jeturn and Psylla would cause only 
minor damage, but I do not think that that state of affairs would 
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be restored at once. This means that seed cultivation could no 
be done in Behar and that under no circumstances should indigo 
be thrown from November to March. 

How Fsylla spends the year. — Reviewing the behaviour of 
the pest through the year, we may briefly state that it behaves 
as follows : in December-January there are usually winged adults 
with some nymphs waiting in the young Java or in plants stand- 
ing over for another year : these breed in March or earlier, this 
probably varying with the character of the season. FromMarcii 
onwards, the breeding appears to be slow, either because the 
climatic conditions are unsuitable or because there are checks ai 
work then which later become less active. In June-July the 
crop is cut ; cutting occupies from four to six weeks ; and there 
are two ways in which this period is got through ; where a field 
is not completely cut or there is standing indigo alongside, tho.se 
Psyllas that can, go over to these plants ; a number live over on 
the stumps until these sprout ; where there is no indigo near, and 
tlie stumps are covered, all but the winged ones perish and those 
winged ones, that can reach other indigo, do so by flying ; if not 
they live over on other plants till the indigo grows again. When 
it grows again, the winged ones enter it and start egg-laying. 
Breeding then goes on very rapidly until November when the 
cold weather cheeks its rapidity, and the adults, as tliey become 
adults, tend to live over without breeding until February. 

From the point of view of checking the pest, we must direct 
our attention to this period when the indigo is cut. I return 
this point below. 

Enemies. — Psylla has, like other insects, enemies which • 
feed upon it or otherwise destroy it. We know definitely of 
three Ladybird Beetles ( Coccinella septempunctata, Chilomcnc.< 
sexmaculata, Brurnus suturalis), a Chrysopa (Chrysopa alceste.<j 
and a Syrphus (Pelecocera sp.^ which do so and there is a Manti> 

( Hierodnla tvesiwoodi) and a Spider. These actually eat the 
P.^ylla nymphs : they also eat other insects, and the question 
whether they attack Psylla or not depends probably largely on 
the presence or absence of other insects they feed upon. There 
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is, for i Instance, an Aphis on indigo wliich tliey also eat and tliore 
are other insects on other crops whicli they feed on. There was, 
for instance, no Aphis on any of onr indigo before 5th May. On 
1st July Aphides liad already appeared. After that Aphides 
hftve gone on increasing and most probably diverting tlie enemies 
from Fsyllct. 

There is also a parasite, that is, an insect whicli lays an egg- 
in a Psylla nymph, this egg developing inside the PsiiUa nymph 
and destroying it. This insect does not attack insects so varied 
as the others do and is a more direct check upon Psi/lla. It 
destroys only the nymphs : it lays an egg in the nympli : tins 
•hatches inside to a grub, whicli absorbs the nutritive matter in 
the grub and slowly kills it ; before it perishes, the nymph comes 
out of the curled top, tixes itself on the stem and dies, 
turning brown and forming a case for the parasite grub to 
pupate in. 

The presence or absence of these insects voiy largely deter- 
mines whether Pi<ijlla is abundant or not ; and if one considers 
the rate of increase of Psylla^ its dependence upon the indigo 
plant, the action on it of climate, the effect on it of some six di- 
more different enemies, one can see that the problem of' why 
Psylla is at one season or another abuiidant or scarce is a complex 
one. In nature, as a rule, cliecks enemies and parasites) 

tend to balance tlie natural increase of an iii.scct and to keep it 
down to a level, which varies a little but never admits of an 
enormous increase of the insect ; tliis balance is delicate and the 
change in the method of cultivation of indigo has upset it ; the 
result is too much Psylla and it is a ([uestion how long a period 
will elapse before the balance again adjinsts itself, before tbe 
enemies adjust themselves to new conditions and are able to 
again cope with the increase of Psylla, I have put it very 
crudely but I believe approximately correctly. 

What hap’peyis at Cutiiny. — I now return to the important 
moment when the crop is cut ; if this is properly done, the Psylla 
is suddenl37- checked ; nearly all the nymphs are carried off with 
tile plant ; mainly winged adults are left which sit on the stumps 
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and there is, for some time, no young Psylhi for the Ladybirds 
and other enemies to feed on. These enemies go to other crops, 
e.g., mahai, and feed on other insects. When the crop grows, 
Psylla is there, the enemies are not there and the Psylla for 
some time breeds unclieclced. This brings about (L) the absence 
of Psylla on koonties at first, (2) the subsequent enormous increase 
of Psylla during July and August unchecked by enemies, which 
only again get a hold of it by September. 

The only enemy that is probably limited to Psylla is the 
parasite ; it probably waits and attacks Psylla again soon ; it is, 
however, not so important a check as the Syrphus and appears 
not to be able normally to check Psylla. 

Tt is now known that the nymphs can live on the stumps, 
The grown-up nymphs {4th and 5th stages) have also been 
found able to crawl over a distance of more than 5 feet. Very 
few, however, fall off the green plant when it is cut; almost all 
are removed to the vats, with their parasites in them if they 
have any. It is certain that all these nymphs, which fall off on 
fields, do not die, if the plants are not properly cut to the ground : 
if any shoots are left uncut, some certainly live on these and 
others live on the cut stumps if these are left exposed. But 
without food all die within two days. 

Conditions in 1912.— In the past we have only had general 
observations to rely on, going back to 1907 and mainly made at 
Pusa and Sirsiah. From the beginning of August 19 12 to the 
middle of November, the ei’op was very closely studied and an 
endeavour made to grasp the problem. A number of Concerns 
were visited, some at regular intervals to watcli the progress of 
the outbreak. Also a number of Concerns sent in “curly tops” 
containing Psylla from which we bred any parasites that were 
in the nymphs. 

On the whole, there was much more Psylla during Augu.st 
than during September ; in almost every case the attack of 
Psylla was worst in July- August but decreased to some extent 
during September. This recovery was far more marked, for 
instance, in Motipur, Tatareeah and the neighbourhood than in 
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Dholi, Mia Chapra and Hursingpur. At the same time this 
difference was not widespread : Seeraha in September was so 
bad as to benefit from spraying ; Dholi made a recovery during 
the beginning of October. On the wliole, the amount of PHyUa 
lessened as the monsoon wore on to its close and I attribute this 
■partly to the increase of parasite but, far more, to the Increase 
in the amount of insects that fed on P^iylla during September, 
due, I believe, to the ripening of the makai crop. The mctkai 
had Apliicles on which these enemies fed, and when the first 
indigo cutting was made, these enemies seem to liave gone to 
the makai, to return later to the indigo. I attach less weight 
to the parasite now as in no case was it sufiRciently abundant to 
dominate the P<^ijUa. 

[ attach great importance to the value of checking the 
Psylla early ; if wo could prevent the great increase which 
takes place while the makai is growing, we could probably 
keep Psylla within limits. The varying conditions of Behar 
amply account for the variation in the amount of Psylla from 
place to place and if we could have traced all tlie enemies 
of Psylla through the season, we should be able to se(' 
why Psylla was loss checked in one Concern than in its 
neighbour. 

The Managers of a number of Concerns were good enough 
to send in information and ‘‘curly tops”; I was also able to 
visit a number of Concerns and to obtain tlie views of Managers 
on the disease. The information obtained and the conclusions 
arrived at are embodied in this report and there would be no 
useful purpose in discussing this in detail. It is clear that the 
conditions of Psylla and its occurrence are not uniform over a 
whole district and that they vary from one Concern to another ; 
it will pay every Manager to watch the occurrence of Psylla on 
his lands, and I believe it would pay him to malce certain that 
he had parasite present directly he got evidence of an attack 
beginning in the koonties in July ; this is best done by sending 
100 “ curly tops ” to Pusa and if no parasite is found getting it 
through Pusa. 
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The Phtnt, — In my previous note, I stated that a strong 
plant was less affected by Psylla, I arn inclined to attach les.^ 
weight to that now as I have seen very healthy vigorous plant 
suffering heavily from slight infestation of Psylla. The plant at 
Sirsiah manured with superphosphate was bigger, robuster aiid 
more vigorous ; yet we were unable to detect by observation luiv 
marked difference in the number of curled heads in the plots 
So also at Pusa where there was plant of different ages, some 
cut, some uncut, some well cultivated, some badly cultivated. 
Where koonties and moorhun plant stood side by side, the 
amount of Psylla in the koonties was much greater than in 
the moorhun plant, due to the winged adults migrating ; they 
evidently prefer the low plants, possibly as being more sheltered, 

Symmavy , — To sum up, I regard the present outbreak as tlif* 
natural consequence of that of 1907 ; the change of cultivatioii 
lias upset conditions ; Psylla is unduly abundant and may remain 
so for some time ; the difference in the amount of at differ- 

ent places is quite understandable ; and we have to concentrate our 
attention on three points : can we restore the previous condition ; 
can we do anything to directly check the present outbreak ; caii 
we find any remedy capable of immediate application. 

Preventives. regard to preventives for the p>’esent attack 
I would strongly urge that every Planter does what he can ti- 
carry out thoroughly four things ; 

(1) . To cut eveiy plant level with the ground if possiblr. 
but if a stump must be left, to leave no green leaf or shoots. 

(2) . To cut most carefully every plant, never leaving evei; 
one odd uncut one. 

(3) . To cut over as big a block of lands at once as possible. 

(4) . If possible to plough and hanger the crop after 
cutting. 

I look on these as the most important things and I recognis. 
the difficulties there are, particularly in the third. But if every 
Planter did what he could in these things, there would be le>> 
Psylla, and every man who does them will individually reduce tix^ 
Psylla on his own lands. It is definitely known that indigo i> 
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infested quite early ; a small plot was sown in the second week 
of May 1012 in Pusa and was well infested with nymphs and 
had curled heads before July 3rd. So it may be also after cut- 
ting ; a plot was cut on 12th July, eveiy scrap of green being 
removed ; it was re -infested and eggs laid by 28 th July and 
curled heads were to be seen by the 31st July. This plot was 
perhaps 50 yards from another. In tlie fields of indigo that 
had been cut and had sprouted, eggs were found on plants that 
were surrounding odd plants left uncut ; these plants were 
infested and the P^^ylla adults had clearly moved over. In such 
cases infestation of koontie plants will be much more rapid than 
if all plants had been very thoroughly cut. 

If when 20 bighas of plant are to be cut, this can be done 
in a compact block of lands, not in that block omitting any plant 
at all, those lands will improve. I know it cannot always be done, 
but I think there would be much less Psylla if Planters kept it 
in mind and did the best they could. 

The Future.—lt is certain that Psylla will remain a pest 
so long as Java is grown on tlie present system ; I see no likeli- 
hood of things altering, and so long as there is indigo in the land 
all the winter and the first cutting is made in June, there must 
inevitably be an outbreak of Psylla in July- August. It is neces- 
sary to remember that Psylla does not do the greatest damage, 
and I would be inclined to consider the treatment of Psylla in 
connection with that of the disease X. At present both do their 
work in the ko on ties ; it would seem possible to avoid having 
koonties at all and to plough all the Java crop after the first 
cutting. In many cases koonties have hardly been worth keep- 
ing ; and if the ploughing out of koonties were to affect the 
amount of Psylla and also of X, the loss of the second cutting 
would be worth while. 

The only alternative I can see is to sow as much Java as 
possible in February, cut it as early as possible and to carry out 
the cutting in the way indicated above. 

It is impossible to lay down a course of action for Concerns 
scattered over Behar ; what suits Darbhanga does not suit 
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Champarun ; bub it would be advisable for Planters to try to 
secure two things : (1) a break if possible some time in the year 
when there shall be no Java in the land, this being in the winter 
if possible, (2) to make it as difficult as possible for the Psylla to 
live in the fields when the plant is cut. 

Two alternative systems have been suggested ; one is to sow 
Java in August, get a seed crop in February and a inoorhun cut- 
ting in June ; then plough. The other is to sow only in February, 
get two cuttings and keep only the best plant for seed. Tht 
latter is, where possible, probably the best as it fits in with tlio 
Sumatrana plant cultivation and leaves the land free entirelv 
from indigo in the cold weather. It has been suggested that it 
may be possible to grow healthy indigo by sowing it with other 
crops, e.g., wheat, linseed or mustard. So far as I have seen, this 
practice has not affected the amount of either Psylla or X except 
in one case ; some of the most healthy individual plants I havo 
seen were in cane ; they were volunteer plants, not having beer, 
sown, and were scattered through the cane. If one such plant 
had got Psijlla^ it had it badly, but the greater number escaped, 
presumably because the Psylla never found it. It is, however, 
impossible to grow indigo in this way. 

Direct Remedies . — A number of experiments have been 
made with remedies and it is unnecessary to go into detail 
regarding most of them. We have tried a number of methods 
of directly attacking the insects ; shaking the plants vigorouslv 
fails to dislodge them ; they are not attracted by light ; passing 
a sticky rope or cloth through the crop fails to do more than 
capture a few winged adults. A mechanical method of cutting 
off the tips of the plants in July has not yielded any good 
result. I still believe that good results will follow the cutting 
of infested tips if this is properly done ; but it is essential that 
this shall be done by hand, not by a machine, that all “kookr 
agia” heads (curly tops) shall be cut, that they shall be placed 
at once in bags or baskets and either placed in boxes covered 
with fine wire gauze or removed to a place where they can be 
spread out in a layer and covered with cloth. Once a day the 






PSTLLA ON INDIGO. 


19 


cloth is lifted, the parasites that emerge allowed to lly away and 
. th^cloth replaced. It is a mistake to cut the tops and either 
leave them in the field or burn them with the parasites in ; what 
is required is to place them so that the Psylla nymphs cannot 
get to the plant but to let all parasites emerge which they will 
do within ten days. As I have had no opportunity of giving 
this method a proper trial I cannot recommend it, but I think it 
is worth giving a trial on a small isolated block of plant. 

In my previous note, I suggested spraying as a method 
of directly checking Psylla on plant kept for seed. This method 
has been tested and has given good results. We have sprayed 
koontles at Dholi, Pusa, Begu Sarai, Sadowah, Sonbarsa and 
Seeraha : in all we have used soap solution and we have found 
that the compressed air type of sprayer is the simplest for field 
spraying and the best adapted to the physique of the Behar coolie. 

Soap . — We have tested a series of soaps supplied by firms 
in India, taking into account : — 

(a) wetting power on curly tops ; 

(&) killing power on Psylla ; 

(c) amount of water in the soap ; 

{d) cost. 

We have also tested these with insecticides added and, 
without going into detail, the best solution we have found which 
will wet indigo, penetrate the curly tops, kill Psylla nymphs and 
adults, is the Oline soap made by the North-West Soap Co., 
at Rs. 2 1 per cwt. or as. 3 per lb. This is used at a strength 
of 1 lb. to 12-| gallons of water. 

The Imperial Agricultural Chemist assisted by determining 
the surface tensions of soap solutions as compared with water 
and with emulsions of oil and of creosote. The soap solution 
had a far lower surface tension than water and the addition 
to it of oil or creosote in emulsion raised the surface tension. 
As it is important to have a low surface tension, these 
results confirmed the actual tests of various liquids on the 
plant. 
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Soaps differ very much in water content ; we found bv 
drying over calcium chloride, the following losses of weight 
in soap : — 


No. 

Days dried. 

Loss of weight 
■ per cent, 

1 

.SI 

4 

2 

ni 

131 

M4 
) 30 

3 

10 

8-6 

4 

12 

35 

5 

9 

18 


Soap No. 1 costing as. 3 per lb. is cheaper to buy than No. i: 
costing as. 2 per lb., as half of the latter was water. AVe 
believe we have in Oline bar soap the best available soap for 
this particular purpose and we have used it exclusively. 

Sprayers . — We have tested every kind of sprayer available; 
we made a cart sprayer doing a strip 15 feet wide automatically: 
we have used barrel sprayers, knapsack sprayers, bucket 
sprayers. All can be used, but for spraying koonties with 
ordinary coolies, we believe that the Auto-sprayer does the best 
work. Detailed results are given below of the spraying of lln 
bighas of indigo. 

The Auto -sprayer (Plates III, IV) is a simple cylinder, 
containing an air-pump ; it is first partly filled with the liquid: 
it is then closed, and air pumped into it till there is a good 
pressure ; the coolie then takes it, walks along the indigo with 
the nozzle open, the compressed air making a good spray ; all tk 
coolie has to do is to hold the machine and direct the spray to 
the plant. For coolies of low physique this machine is tk 
best ; we used the Auto -sprayer costing Rs. 30 in Calcutta 
(Smith, Stanistreet & Co.), because it was available ; other inake.< 
using the same principle are made and are probably equally 
good. 

3. Time to Spray . — No spray found has been effective in 
killing the eggs ; it is therefore necessary to spray twice, with 
ten days between the two sprayings. Assuming the first spray- 
ing to kill all the nymphs and adults, the eggs hatch and 
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become nymphs which will be killed tas nymphs or adults by the 
second spraying ; if ten days elapse all the eggs that survived 
the first spraying must have hatched, but none will have been 
able to become adult and lay eggs. But care must be taken 
that each block really is sprayed again ten days after the first. 

Our spraying was of necessity done in September- October. 
I believe it will be best to have one spraying in the koonties in 
July- August, whenever the attack is seen to be commencing and 
another, if required, in September or October. 

Cost of Spraijiag, — Statements are attached showing the 
actual cost of .spraying areas varying from 4 bighas to 48 bighas. 
The cost varies from Be. 1 to Ks. 2 per bigha for each spraying 
depending on the area, the height of the crop, the distance from 
the factory and the expertness of the men. The work was done 
in each case by three coolies from Pusa with three Auto-spraycr.s 
and with usually six coolies supplied by the factory, of whom three 
relieved the men working the machines and three brought water, 
boiled .soap solution, etc. The solution was made by dissolving 
each 3 lb. bar of soa[) in 3 gall oils of water and then diluting 
to 35 gallons. 

SriiAYiNG Indigo. 


Area . 

Bighas. Kuttas. 


0 


2 5 


1 8 


Sadhowah : First Sprayinfj. 


Amount of 

Soap solution. 

Coolies. 


Cost of labour 





Es. A. 

p. 

I 


0 - 2 as. 



e 6 

0 

35 gals. ... < 

1 


3 



0 4 

8 

1 


G 2 „ 



0 12 

0 

Mb ,, ...J 

1 

1 

Is 

(ri 3 



0 9 

0 

1 


G, 2 „ 



0 12 

0 

175 

1 

f 

e 3 „ 



0 i) 

0 

1 


(" 2 ,, 



0 12 

0 

144 .. 








3 



0 9 

0 

029 gals, 

3U 

11s. 

A 

P. 

4 9 

f; 

Total cost : Labour 


... 4 

9 

6 



Soap 


8 

7 

0 





13 

0 

6 




6 5 
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Second Spraying. 



Area. 

Amount of 

Coolies. 

Cost of labour. 

Btghas. Kuttas. 

8oap solution. 


Rs. A. r. 




f 6 % 2 as. 


0 12 0 

1 15 

175 gals, 

(3 ® 3 „ 


0 9 0 



(6 @ 2 „ 


0 12 • 0 

4 5 

252 „ 

13 @ 3 „ 


0 9 0 



j 3 @ 2 „ 


0 6 0 

0 5 

35 „ 

’ 1 U @ 3 „ 


0 4 6 

6 5 

462 gals. 

... 224 


3 4 6 



Rs. A. r. 



Total cost : 

Labour ... 3 A 

6 




Soap ... G 11 

0 




9 15 

6 



SoNBARSA 



Area. 

Amount of 
soap solution. 

Coolies. 

Cost of labour. 





Rs. A. 1-. 



f H @ 2 a.s. 


0 3 0 

0 15 

72 gals, 

) 

’* 1 U ® 3 „ 


0 4 0 



f6 ® 2 „ 


0 12 0 

2 , 5 

180 „ 

’ [3 ®3 


0 9 0 



(H ® 2 „ 


0 3 0 

n 15 

72 „ 

“Ih®3 „ 


0 4 6 

3 15 

324 

15 


2 4 0 



Rf. A, 

p. 



Total cost ; Labour ... 2 4 

0 




Soap ... 5 1 

0 




7 5 

0 




A l•e.^ . 

3 


4 

4 


3 

3 


3 


20 


(16| acre.s.) 


Second Time : — 
20 biglmn 


Fli'st Time : — 
48 biglias 


Area . 


5 I high as 
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Bkgu Serai Factory. 


Amount of 
soap solutioti. 


Coolies. 

Cost of labour. 




Rs. A. r. 

1 

1=^ 

((>} 5 as. 

0 15 0 

91 gals. ...-j 

1 

[3 


0 4 G 

1 


-> „ 

0 15 0 

130 „ ...\ 

1 

1 

1.4 

(-i' U „ 

0 6 0 

130 


... 

1 5 0 

1.30 „ 



1 ,5 0 

130 „ 



1 r> 0 

156 


... 

1 5 0 

767 „ 



7 12 8 


Rs. A. r. 

Total eowt : Labour ... 7 12 6 
Soap ... 12 3 2 


19 15 8 

Rs. A« i\ 

1,015 gallons Labour ... ... 7 12 6 

Rw A. 1’. 

Total eo.st ; Labour ... 7 12 G 

Soap ... 16 5 0 


3,27G gallons Labour 

Total ooxl : Labour 
Soap 


Seer AH A. 

Amount of 
soap solution. 

55 lbs soap ; Labour 

Total cost. : Labour 
Soap 


24 1 G 

Rs. A. r 
... 24 2 0 

Ks. A. r. 

24 2 0 
51 3 0 

75 5 0 


Coolies. Cost of labour 

R.'^. A. r. 

... 5 7 0 

Rs. A r, 
h 7 0 
10 5 0 


15 12 0 
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E^^ect of Spraying. — The opinions of the managers of three 
Concerns are as follows : — 

Begu Serai. 

“ Your man is returning as he has finished the first spraying. 
I consider it has been most successful. About three-quarters of 
the plant seems to have recovered. The curly tops are opening 
out and new leaves are forming.” 


Sadowah Factory ^ 

Setvayi^ Sarun. 

“ The koonties (Java) kept for seed look A 1 now after 
being treated with the soap solution which has been done 
twice.” 


Seeraha^ 

Champanm. 

The first plot I sprayed here does not seem to have bene- 
fited much. This was only a very small plot from which I cut 
moorhan and kept all the koonties. It was badly gone with 
Psylla before the spraying was started. This bit is only a cuttah 
or two. The rest about 5 bighas in which moorhan was cut, and 
koonties thinned out, leaving plants about a yard apart or less, 
has made a very marked improvement after spraying. At fir.si 
nearly all the plants had curly tops, but now this has disappeared 
to a great extent and the plant is throwing out new shoots and 
looking healthy. Some of the plants are still curly ; I suppose 
there is still Psylla on them, and I think that another spraying 
would put these right. I am very pleased with the result and if 
the second spraying puts the whole field right as I think it 
will, and the disease does not at once return, then I expect the 
plant to give seed, of which at first I had very small hopes. 
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“I think the plant has benefited a lot. I had better 
looking stuft* than tlie bit I sprayed, but scattered over the 
50 it was more convenient to do the bit near at hand and in one 
field. Now I have had to dig out nearly all the zi/la [dant 
which was at first best, as hopeless, the sprayed stud* being 
about all I have worth keeping. I wish I had got at the plant 
on the first appearance of disease as it got a set back before I 
started spraying it, but I think it will seed now.” 


Plant sprayed here (Pusa) has benefited very markedly; 
the tops have grown through with clean foliage, the curling has 
ceased, the Psylla has disappeared almost entirely and the whole 
plant becomes green. At the same lime this has not been 
followed by a recrudescence of the disease as in the main 
the natural enemies of the Psylla are not a fleeted by the 
spraying. 

A very remarkable improvement was effected at Sirsiah 
by spraying, but as the value of the plant tliere was out of all 
proportion to the cost of spraying, we sprayed steadily every 
ten days till satisfied that Psylla really was wiped out. Had we 
been able to commence this treatment earlier, the Sirsiah plant 
\yould have suffered much less. Neither at Pusa nor at Sirsiali 
has spraying affected the incidence of X ; it has rendered 
healthy all plant infested with Psylla which was free 
from other diseases and in this way has made a marked 
improvement. 

Spraying has been recommended for plant kept for seed 
because of the value of seed plant ; it is impossible to spray 
all koontie plant at present, but it is not difficult to spray, and 
knowing what the cost is, it is possible, for each Concern to see 
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whether spraying is worth while. For spraying large areas, 
a mechanical bullock-drawn sprayer, doing 15 to 20 bighas per 
day, would cost about Rs. 300. This would require much less 
labour than 10 auto-sprayers doing the same area and costing 
as much ; but it would require very good arrangements for supply 
of soap solution. 



THE IMPROVEMENT OF INDIAN WHEAT. 


BY 

ALBERT HOWARD, m.a., a.e.c.s,, f.l s., 

Imperial Economic Botanist^ 

AND 

GABRIELLE L. C, HOWARD, m.a., 

Personal Assistant to the Imperial Economic Botanist, 

[A Paper read at the Punjab Agricultural Conference, Lyallpur, November 4tli, 1912. 1 

The importance of the wheat crop to India both as food tor 
the people and also as an article of export is well known. The 
average annual outturn is over 8,000,000 tons a year and of this 
about 75 per cent, is produced in Northern India. Any improve- 
ment in the production of this crop, either as regards yield or 
quality, would mean a large annual addition to the wealth ol the 
country. 

On account of the important position held by this crop in 
India, the subject of wheat improvement was one of the earliest 
taken up by the Board of Agriculture and this question was fully 
discussed at the second meeting of the Board in 190G. bix years 
have now passed and very important results on a large scale have 
been obtained in many parts of India such as Eehar, the United 
Provinces and the black cotton soils of Central India. Briefly 
summed up, it may be said that in tracts in which the normal out- 
turn is 8 to 10 maunds of poor wheat the yield has been raised to 
25 to 30 maunds, and the type of wheat grown has been classed in 
England as among the best on the London market. Ihe methods 
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by which these improvements have been efiected have been found 
to apply not only to havani conditions but also to canal -irrigated 
tracts. An account of the work already done will, therefore, be 
of interest to the Punjab, the Province which produces about 
35 per cent, of the total wheat crop of the Indian Empire. 

This work has also an important bearing on the export ti’ado 
in Indian wheat, for it is clear that any large increase in produc- 
tion will at once swell the volume of wheat shipped from Karachi. 
One of the primary requirements of the export buyer is a well- 
grown even sample. Such samples fetch higher prices in the 
world's markets than badly grown wheat. To obtain such 
samples good cultivation is essential and any improvements in the 
methods of production, which will lead to this result, form an 
important factor in the development of the export trade. 

The main lines of improvement are two in number : — 

1. Agricultural improvements by which the yield has been 
greatly increased and the appearance of the wheat to some extent 
improved. In the alluvium of the Indo-Gangetic plain these 
agricultural improvements consist in the union of hot weather cul- 
tivation and dry -farming methods ; combinecl, where necessary, 
with green-manuring. 

2. Improvements in the kinds of ivheat grown by which not 
only the yield and general agricultural fitness of the wheats have 
been increased but also the quality of the grain. 

We propose to deal in the first place with the agricultural 
aspect of the question. 

I. — Agricultural Improvements. 

One of the most striking features of the wheat production of 
India at the present time is the comparatively low outturn 
obtained by the people. The question arises, “ Can this outturn be 
increased with the means at the disposal of a well-to-do cultivator 
or zemindar ? ” The answer is, “ Most emphatically yes. " The 
methods by which crops, at least twice those now produced, can be 
grown in the alluvium of the Indo-Gangetic plain were first worked 
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out at Pusa during the years 190G to 1910 and are now being 
taken up on a large scale in Behar and the United Provinces. 
These methods consist in the following ; — 

1. Exposing the soil to the sun and air .«?oou as possible 
after the rabi crops arc harvested. This sweetens the land, tends 
to kill weeds and also leaves the soil in a proper condition to 
absorb the whole of the early monsoon rainfall. This exposure 
of the land should be done as soon as the rahi crops are harvested 
and if the showers, which often fall at this time, nre utilised, a 
good deal can be done to break up, by means of spring tine har- 
rows, the sun-baked and hardened stubbles. The easiest inetliod 
in canal-irrigated tracts is to water tlie stubbles first of all and 
then to cultivate the land thoroughly, but the extent to which 
this can be done is limited by the water-supply and the cattle 
power available. The great benefits obtained by hot weather 
cultivation are recognised by the people of the Punjab and are 
referred to in PoAijah Proverbs, These benefits, however, are 
not sufficiently appreciated and realised in practice. 

2. Water conservation and the proper application of 
irrigation water. To obtain a really good sample, the water- 
supply of the crop must be properly regulated. This means in 
bamni tracts that all possible methods of conserving the avail- 
able moisture must be adopted. The chief means by wliich 
water can be conserved are by clean cultivation and moisture 
conservation during the monsoon period, by which weeds are 
destroyed and as much rainfall as possible absorbed and retained 
up to sowing time, and by harrowing the land after sowing. By 
clean cultivation is meant the destruction of weeds by ploughing 
and harrowing, while the importance of moisture conservation in 
India is sufficiently evident. This conservation of moisture 
consists in maintaining a dry surface mulch by means of the 
harrow, which prevents the loss of water by evaporation during 
the long breaks in the monsoon. By harrowing the land after 
sowing, so as to break up surface crusts, a dry surface mulch is 
formed, which retains the moisture. Lever harrows arc very 
useful in this respect, and have been used in Behar with great 
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success. In canal- irrigated tracts the wheat crop would be 
benefited by the use of these harrows after the first irrigation. 
On the other hand, over- watering must be avoided. In canal* 
irrigated areas there is a tendency to apply too much water to 
wheat. This results both in diminished yield and also in loss of 
quality. The ryot often forgets that wheat is a crop which does 
not need much water. 

3. Keeping up the supply of organic matter in the soil 
when necessary by occasional green-manuring with san. This 
is done daring the monsoon period immediately before the wheat 
crop. In those tracts which grow arhar or rahar (Cajamu 
indicus) the fall of the leaves and flowers helps to keep up the 
supply of organic matter. The purpose of this organic matter 
in the soil is to increase the fertility, to improve the tilth and 
the water-holding capacity of the soil. In wheat growing this 
green manuring is particularly necessary on the lighter lands. 

These improved agricultural methods can be summed up as 
the union of hot weather cultivation with dry-farming methods, 
combined with occasional green manuring to keep up the store 
of organic matter. 

The effect of this method of cultivation on the wheat crop 
is extraordinary. A fine crop is the result and the yield is 
increased at least 100 per cent. Further, the appearance of the 
wheat sample is improved and such wheats are better filled and 
take the eye more than those grown in the ordinary way. The 
result is more wheat and better wheat ; and these improved 
methods, wherever they have been properly tried in the Indo- 
Gangetic alluvium, have always given the same result. They 
apply both to harani conditions and also to canal and well 
irrigated tracts and to all classes of wheat. At Pusa crops of 
25 to 30 maunds are obtained as a matter of course. On many 
indigo estates, in Behar, the Pusa results have been repeated and 
even exceeded. In both Behar and the United Provinces 
cultivators and zemindars have obtained similar results. At 
Cawnpore, similar crops have been obtained by Mr. H. Martin 
Leake for several years on a large scale— 25 to 30 maunds of 
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pheat to the acre have been grown with half the quantity of 
|anal irrigation ordinarily used for this crop. At Gurdaspur in 
Punjab, similar results were obtained for the first time in the 
^hi harvest of 1912. 


II. — Introduction of Improved Wheats. 

The second line of advance in increasing the wheat pro- 
eduction of India is in improving the wheat plant itself, that i.s, in 
the creation of better kinds of wheat by selection and liyhridlsa- 
tion, The essential points in this are ; - 

1. Increase in yielding power. 

2. Improvements in general agricultural fitness includiiH^ 
rust resistance, standing power and hardiness. 

3. Improvement in the quality of the grain. 

That any improved wheat must yield well and also possess 
general agricultural fitness for growth in any particular tract i.s 
.obvious, and needs no particular emphasis. A cultivator will 
never be satisfied with a wheat unless it yields well and can be 
.^own to perfection. The question of quality of grain, however, 
requires some explanation. In considering grain quality it must 
be borne in mind that about 90 per cent, of the wheat grown in 
India is eaten by the people, and that only the balance finds its 
way into the export trade. Any improvement in quality, to be 
of importance, must satisfy both classes of consumers — the people 
of- India on the one hand and the Home millers on the other. 
It is fortunate that the class of wheat most liked by the people 
for food is that which is worth the most money on the home 
. markets. This is a most important point and one which cannot 
'fe emphasised too strongly. On many occasions the Pusa 
improved wheats along with ordinary samples have been shown 
lo cultivators, and they invariably prefer for their own food the 
kinds which have done best in the milling and baking trials in 
iEngland. A large number of landholders and educated Indians 
l^ve eaten these new wheats, and are loud in their prai.scs of the 
Superiority of these types over those which can be purchased 
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in the Indian market. There is therefore no antagonism between 
the demands of the people and those of the home markets. 
Both prefer the same general grade of wheat. 

The chief points concerned ^ in the quality of wheat are 
as follows : — 

1. The sample should be well grown and the grains should 
be even in colour and uniform in consistency like the sample 
of Pusa wheats exhibited at this Conference. The colour 
should be white or red, not a mixture of the two. The wheat 
should be free from dirt and other seeds, such as barley or gram. 

2. The consistency should be glassy or flinty rather than 
soft. The wheat should mill well and should absorb a large 
amount of water in the milling process. Most of the Pusa 
wheats take up about 10 per cent, of water in the milling 
process and are ground in the mill with the minimum amount of 
trouble. Millers naturally lay great stress on these points. 

3. The skin should be thin, so that a large percentage of 
flour is obtained. Fortunately this applies to most Indian wheats, 
but this point should not be forgotten in the work of producing 
new kinds. 

4. The percentage of nitrogen should be high and the 
flour should be greyish white in colour. It should be strong, 
that is, capable of yielding large well piled loaves like those of 
Manitoba No. 2 and Pusa 4 illustrated in Pusa Bulletin No. 2‘2. 
Greyish white flour and toughness of dough are points appre- 
ciated also by the Indian consumer, and the superior food value 
of such wheats is well recognised in India. 

5. Other things being equal, the wheat should be a white 
wheat rather than a red wheat as white wheats give, as a rule, a 
whiter flour than red wheats. In the Punjab a higher price is 
often paid for white wheats than for red, so that an effort should 
be made to conform with the custom of the trade and to produce 
improved white wheats. This has always been done at Pusa and 
the new wheats now being grown in Bebar, the Central Provinces 
and the United Provinces are without exception white wheats. 
There is, however, no objection to high quality red wheats 
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U the home markets. The best wheats on the English market, 
^mely, Manitobans, are red wheats. Further, red wheats are 
^nsidered to be hardier than white wheats, 
if The Pusa wheats exhibited to-day at this Conference illus- 
ite the various points of quality which should be aimed at and 
lomparison between these new wheats and those which are now 
ported from Karachi will show what an enormous amount of 
g^ork remains to be done in improving the quality of the wheats 
^w shipped from the Indus Valley. 

In deciding the many and intricate questions of quality 
which have arisen in improving the wheats of this country, India 
has been fortunate in obtaining the active interest and co-opera- 
tion of the highest authority in the empire on questions relating 
to the milling and baking of wheat. I refer to Mr. Humphries, 
a former President of the Incorporated Association of British 
and Irish Millers, who, during his period of office, was largely 
instrumental in bringing about the present form of contract by 
which the adulteration of Indian wheats exported to England 
was reduced to a minimum. All the new Pusa wheats have been 
milled by Mr. Humphries and then made into bread. His 
Opinion on these improved Indian wheats has been endorsed by 
the Council of the National Association of British and Irish 
Millers and by the milling press in Great Britain. The Pusa 
wheats have been examined by the Liverpool and Calcutta 
Millers and also by the chief wheat exporting firms of Bombay 
and Karachi, and they all agree with Mr. Humphries. The best 
technical and trade opinions in the Empire have thus been 
obtained on the question of quality and on the class of wheats 
which will find most favour at Home. This testimony has been 
singularly unanimous, and Mr, Humphries’ opinions have been 
'uiiiversally accepted. 

, ■ Up to this point the two lines of progress in improving the 
wheat production of the Indo-Gangetic plain have been kept 
separate. These two lines of progress are : — 

1. Agricuhtircd improvements by which the yield of wheat 
be increased. 


3 
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2. Improvements in the hinds of wheat grown. 

There is, however, an intimate connection between these two 
lines of progress which must now be indicated. To produce the 
greatest yield the crop must be well grown and the sort of wheat 
cultivated must be one with high yielding power. To get the 
highest price the wheat must also be of good quality. Tr, 
obtain the best outturn from an improved wheat it must be 
properly grown, just in the same way as a good horse or a good 
pair of plough cattle must be properly fed if they are to 4 
their work well. To extract from the soil the largest possible 
profit we must use not only improved methods of agriculture but 
also grow better wheats. It is only in this way that high yield 
and high quality can be combined and the cultivator can be 
shown how to get the greatest monetary return for his labour. 





A,J. L 
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EFFECT OF DRAINAGE ON RICE SOILS. 


BY 

C. M. HUTCHINSON, b.a. 
Imperial AgricuUuval Bacleriologuty Pnsa. 


A SET of pot cultures of rice plants was undertaken at Pusa 
s connection with an attempt to discover some of the soil 
^nditions under which the Ufra disease of rice, at present 
tinder investigation, is likely to occur. The results obtained 
appear to be of sufficient interest to warrant their publication 
separately as indicating the effect of varying soil treatment upon 
the growth of this crop. 

Seedling plants of the same age and variety were locally 
obtained, and planted out in twelve glazed earthenware pots, 
to inches in diameter and 12 inches deep ; so far as possible the 
same number of plants was used in each pot. 

Work in Italy by Brizzi on an apparently similar disease 
known there as “brusone had resulted in establishing an apparent 
connection between lack of aeration of the water in which the 
plants were growing, and the incidence of the disease. * In order 
to test any possible similar connection in the case of “ Ufra, the 
twelve pots were divided into two series ; in those numbered I 

VI drainage was prevented by plugging the tubulure at the 
■i^e of the pot, whilst in VII to XII this was left open, the 
intention being to renew the water-supply of the latter series 
firom the top constantly, and so convey air through the soil. 
After two days, however, it was found that, owing to the close 
texture of the soil used (a local rice soil), no drainage was taking 
place in the second series, and a third series, numbered V to VP, 
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was started, in which a layer of cinders 2 inches thick was 
placed at the bottom of each pot. With this arrangement 
comparatively rapid drainage took place ; in eacli pot an average 
depth of 3 inches of water was maintained above the soil 
throughout the experiment ; in the drained pots it was found 
necessary to renew the water during the first ten days at 
intervals of 48 hours, about 2 inches of water having apparently 
drained through the soil in that time ; during the second ten 
days this rate of flow was gradually reduced, the same amount 
of water passing, towards the end of this period, in about twice 
the time. The pots were not under cover, so that rain prevented 
any exact measurement of the amount of water actually supplied. 

Further differences of treatment consisted in a preliminary 
air-drying of some of the soil and the addition of oilcake (mus- 
tard at the rate of 15 mds. per acre = 60 lbs. Nitrogen) to 
certain pots. Thus every alternate pot in all three series con- 
tained soil which had been airdried before filling in. Cake was 
added to Nos. I, IT, VII, VIII and 1', IF. 

Two additional pots, XIII and XIV, were filled with soil 
from Noakhali, taken from fields in which the '‘Ufra’’ disease 
had been so bad the previous season as to render the crop worth- 
less. To the soil of one of these, No. XIII, lime, oilcake and 
green manure [Crotalaria juncea) were added ; No. XIV had 
no treatment. The transplanting into pots was carried out on 
5th September 1912, and photographs were taken on 7th October, 
30th October, and 2Gth November. 

The first observed difference was in the pots to which cake 
had been added, Nos. I, II, VII, VIII, T, IV and XIII. After 
32 days’ growth after transplanting, all the plants in these pots 
had turned brown and appeared withered and moribund ; this 
condition is shewn in Plate V. 

This effect appeared to be due to a direct toxic action of the 
products of decomposition of the cake ; laboratory experiments 
carried out at the same time shewed that no nitrification was 
going on in the saturated undrained soil, but that certain 
anaerobes were producing foul smelling decomposition products 
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such as indol, and gases including nitrogen, marsh gas, and 
i^rbon dioxide. These gases produced cavities in the soil, 
.®nnlar to those formed in solid sugar media, such as glucose 
pelatine, by gas producing bacteria ; and as the gases gradually 
ficaped througli the soil and their formation ceased, these 
pvities collapsed, and in tlie case of the well-drained soils the 
fexic products were carried away by the percolating water. 
&at this was actually the case may be inferred from the 
Comparatively rapid recovery of the plants in pots V k IF which 
.;took on a healthy green colour many days before those in I, 
VII and VIII, and eventually madeagood growth. 

Tills form of decomposition of organic matter is common in 
^amp conditions, and the rice plant is no doubt partially 
iinmune to toxic products of such aiuerobic action, altliough 
.other plants not naturally immune are rapidly killed off by 
accidental swamping, although they will flourish in running water. 
When, liowever, the accumulation of toxic bodies becomes unduly 
great, as in the pots Nos. I, II, VII and VIII, the rice- plant 
suffers correspondingly, whilst in Nos. I II the percolating 
water prevented the accumulation of toxins to this extent. 

Plate VI [ taken on 20th November, 1 1 weck.s after transjil ant- 
ing into the pots, illusti'ates tlie final effect upon tlie crop. It will 
be seen that the manured plants in the undrain eel series, although 
they attained an apparently healthy green condition after recover- 
ing from the first ill -effects of the cake, are stunted as compared 
witli those in the drained series, and actually formed no grain at 
all, being still green and immature. At the same time Nos. I' 
& II' in the drained series, to which cake was added, although 
vigorous and healthy, formed but little grain, the ears not having 
inatuved properly and the grain being light and not well filled. 

One of the most marked differences produced by the addi- 
tion of oilcake was in the tillering of the plants, which wa.s 
greatly increased by the supply of nitrogen in this form. In 
the original transplanting the same number of plants, as nearly 
^ possible, was put in each pot ; in the table of results the number 
^stalks harvested shews the great variation due to tillering. 
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One of the most interesting results of this experiment is afford- 
ed by the growth of the rice in the two pots XIII & XIV filled 
with “ Ufra ” soil. No. XIII which received lime, cake and green 
manure, suffered at first (7th October) from intoxication, but even- 
tually recovered (30th October) and made a good growth. Itwa.s 
found, however, on 26th November, when the last photo was taken, 
that No. XIV which had had no treatment of any sort, not only 
produced more grain than No. X III, but gave the best return of any 
pot in all the series. This is good evidence of the fact that rice soils 
vary profoundly amongst themselves without showing very much 
difference either by chemical or mechanical analysis. Unfortunate- 
ly the sample of this soil obtained was not large enough to allow 
of comparative treatment under drained and undrained conditions, 

An interesting difference is noticeable in the root development 
of the plants in the two series, and is shewn in the photograph 
(Plate IX). Only one plant from each series is shewn, as the 
difference in root development illustrated was absolutely 
characteristic of every pot. 

In the undrained pots the development below soil level 
leaves the original long stem of the transplanted seedling with 
a bunch of roots at its lower extremity and long adventitious 
roots proceeding from the two nodes above it ; in the drained 
pots, however, the lower part of the stem has rotted away, 
leaving the upper half only, with a much more fully developed 
bunch of roots from the remaining extremity, and practically no 
adventitious roots from the upper node. This, I think, may be 
said to be exactly contrary to the expectation of a deeper root 
system in a better drained soil. The explanation suggested 
is that the plants were obtaining food of two different kincl> 
depending upon two different sets of conditions. In the undrained 
soils anaerobic conditions prevailed, and the plants were depen- 
dent on food produced by ana3robic organisms ; probably nitrogen 
as ammonia would be the predominant factor in this supply : 
consequently most food would be available where the anjcrobic 
conditions were most pronounced, i.e.^ at the bottom of the pot. 
In the drained soils different bacterial conditions would obtain 
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DRY FARMING. 


BY 

G. S, HENDERSON, n.d.a., n.d.d., 

Depxiiy Director of Agriculinre, SUid. 

Of late years much has been heard about Dry Farming, and, 
largely owing to subsidised or interested publications from the 
United States of America, it has received much mention in 
the press. The name is somewhat misleading, it simply means 
farming conducted in semi-arid regions without irrigation. In 
arid and semi-arid countries there are tracts of land wliich were 
formerly considered only of value for stock rearing, which gave a 
scanty yield of grass, requiring immense tracts to pasture the 
stock. It is obvious if speculators could acquire these lands 
cheaply, break them up into small farms and sell to colonists, 
then much money could be made. Much of the “ boosting *’ of 
dry farming can be traced to the efforts of those speculators to 
attract settlers to make homesteads in the Great Plains lying to 
the Pjast of the Rockies in the centre of the Ih S. A. 

In connection with dry farming, statements have been 
made that so-and-so’s ‘ system ’ is the only method of any use, 
and that various systems are applicable to all conditions of 
semi-arid countries. Also that any country, wdth a rainfall of 
between 10 and 20 inches, is suitable for dry farming. The 
United States of America Department of Agriculture have 
always maintained a cautious attitude in regard to dry farming. 
In various stations they are working out arid cultivation prob- 
lems systematicall 3 ^ 

Many people have suggested that the Indian Agricultural 
Department should conduct extensive dry farming experiments 
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especially in the districts which are subject to famine conditions 
A visit was made by the writer to the Southern end ot the 
Great Plain of the U. S, A. in 1911 to see dry fanning carried 
out under conditions somewhat similar to those pertaining to 
India. 

To compare different localities in this connection it h 
necessary to look at the following points 

I. Rainfall, annual amount of precipitation, distribution 
during the year, percentage run off from land. 

II. Ternperature, annual range and mean temperature, 
duration of frost if any, and dormant season, amount of evapo- 
ration, existence of hot winds. 

III. Soil, physical character whether retentive of moisture, 
natural features such as hollows between hills forming natural 
catchment basins. 

In North Texas and part of New Mexico the natural eon 
ditions are more similar to those found in India than other part 
of the Great Plains. This forms the Llano Estacado or Great 
Staked Plain. It extends to 50,000 square miles and standii 
5,000 feet above sea- level. The soil is generally a brownish 
loam and is covered with buffalo grass [Boutdoua digostachyo). 
this is hardly visible during the dry spells but springs up 
after rains and the whole country looks green. The surface 
varies from level to small rolling hills with fiat tops not unlike 
parts of the Deccan. The temperature varies from a maxinuini 
of 110° P. to 5' F. 

The various “ systems ” in vogue are all earnestly advocated 
by their originators as suitable for all conditions. Some system:^ 
advocate deep ploughing, others shallow ploughing and summer 
fallowing with wide spacing and thin seeding of the crop, othen 
pressing by the sub-soil packer (a roller made up with loose iron 
discs) and all generally agree that a dust mulch should be kept 
on the soil as far as possible all the year round. This dust mulch 
is an inch or two of fine soil on the surface ; it breaks the capillary 
connection with the soil and atmosphere and so minimises 
evaporation, and it also readily absorbs any rainfall. 
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The underlying principle is to keep the soil j’eecptive and 
retentive of moisture and the retention of the dusc mulch does 
this ; the soil being carefully cultivated after every fall of rain 
where possible. 

The U. S. A. Agricultural Department recoin mend no 
system but believe in modifying their methods according to vary- 
ing conditions, and farming according to the common rules of good 
husbandry for humid regions. They are also paying a great deal 
of attention to selecting drought resisting plants and breeding 
them up, also to the collection of suitable varieties from foreign arid 
countries. They have a large staff of plant collectors who travel 
all over the world on the look-out for promising intioductions. 

Amarillo is the site of one of the United States of America 
experimental dry farms. It is quite a new city on ttie Kock 
Island Railway. Round about, a large number of farms have 
been cut out of the old ranches, much to the disgust of the 
original stockmen. The city is situated in a flat plain. The 
rainfall in 1911 had been less than lo inches, and the ci ops, chiefK' 

; jowari, maize and cow peas were looking very poor. In India 
; such crops would probably have received remission of the land 
rtax. The farmers generally elect to put in as huge an area of 
Cultivation as they can, and in a year of good rainfall do fairly 
• well. Most of the farmers cannot afford to go in for very 
elaborate cultivation. Their ploughing is shallow and the 
crops are drilled wide apart, and between the rows iiitercultiva- 
tion is done from time to time. The general opinion among 
. settlers seems to be that summer fallowing does not pay and 
neither does sub-soiling. One farmer stated that he was pleased 
when he obtained 15 bushels grain per acre every second year, 
rLand is selling at 20-30$ per acre for ‘ made farms. Here and 
there some especially good results are reported, but they are 
r^cnerally due to special circumstances, such as neighbouring hills 
^forming a catchment basin or seepage water percolation from 
^igh land laid on impervious clay. 

§ The crops on the Government Farm at Amarillo were much 
^bove those of the neighbouring farmers. About 80 acres are 
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under cultivation. The rotation generally is jowar followed by 
2 small grain crops, generally wheat and oats. Yields up to 30 
bushels are obtained. Summer fallowing is not recommended as 
it is not considered profitable. An occasional sub-soiling about 
10'" deep every few years is beneficial. 

It is very doubtful, however, if such expensive working of the 
soil pays ; and the land is not safe till the crop is of a fair height, 
as high winds occur occasionally and blow away the dust mulch, 
leaving the land dry. 

Dalhart is another U. S. A. Agricultural Department dry 
farm station. It is to the north of Amarillo. It is situated 
a short distance outside a brand new and bustling little city of 
that name. The country is more rolling towards the north, with 
the usual reddish soil, and quite treeless. Most trees will not 
grow, and the winds affect others badly. Round some farms, how- 
ever, may be seen catalpas, Russian mulberry and Osage orange, 
which are all drought resisters and quick growers. 

Drinking water is a problem for the towns, and artesian wells 
are being made in some cases. In the photo opposite of a super- 
structure of a bore the depth reached was over 800 feet and 
w’as being deepened. 

Some good stock can be seen on the ranges while passing ; 
they are generally the produce of pure bred bulls. A few 
buffaloes (bison), can still be seen in a seml-wdld state, it is only a 
few years since they could be seen in the plains in thousands. 

When capital is available the plains are very suitable for 
power cultivation, the large flat unbroken prairie forms an ideal 
ground for steam and oil engine tackle. The w^ork Can be 
pushed on very quickly, which is a matter of great importance. 
Generally direct tractors are used, “ Gasoline ” tractors are 
coming into fashion. Plate XIV shows a plant being worked and 
drawing a cultivator, packer and drill behind it. The working 
crew live in the “ caboose ’’ shown in the background while on 
tour. 

The Dalhart farm, under the charge of Mr. W. D. Griggs, 
has been running for 4 years and much interest is taken in it by 
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, -neighbouring farmers. Like Amarillo the land and buildings are 
supplied by the township, while the U. S. Agricultural Depart- 
ment supply the staff. The farm crops, owing to a dry season, 
were below average, but much better than neighbouring crops. 
This part of the country is very subject to high winds, so the top 
surface of the land is generally left fairly rough, being finished 
off with a disc plough. A wind over 50 miles an hour will blow 
the whole surface from a field if loose and uncovered. It has 
been recorded that a newly manured field has had the manure 
completely blown away, and deposited on neighbouring 
land. 

A method recommended by the station is to plough 8"' deep 
in the Autumn and give 4 workings in the Spring, leaving the 
surface rough with the disc plough. Then sowing is done, the 
drills being 3|-' apart and I' between plants in the rows. 
Plate XV shows the difference in size of crops with this method 
in comparison with only a 3" ploughing in spring. A common 
rotation is 

Kaffir corn 
Milo 
Sorghum 
Cow pea. 

Kaffir corn is jowar with loose ear heads and Milo is jowar 
with compact heads. 20 bushels per acre is considered a good 
yield on the farm. 

The opinion of the Dalhart farm staff is that where the 
rainfall is less than 18" per annum the other circumstances 
being favourable, the crops will be very doubtful. On the plains 
there is little snow in winter and frosts are light. Evaporation 
on the other hand is very high. 

Going through Oklahoma, Kansas, towards the East it is 
[interesting to note how as the humid region is approached the 
crops improve till the typical maize and lucerne country is 
reached. 

Mr. Chilcott, in charge of the dry land investigations, U. S. 
Department of Agriculture, has laid down the following 
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conclusions in the current year book of the Department. They 
are most important, and show the views of the Government 
based on carefully conducted experiments at many stations, and 
can be compared with the loose and inaccurate statements often 
put forth in dry farming publication.s. 


Skrtous Misconx’eptions concerning Dry Farming. 

I. “ That any definite ‘ system ’ has been or is likely to be 
established that will be of general application to any considerable 
area. 

II. That any hard-and-fast rule can be given to govern 
methods of tillage in time and depth of ploughing. 

III. That deep ploughing necessarily increases water 
holding capacity of soil. 

lY. That alternate cropping and summer tillage can be 
relied on as a safe basis for permanent agriculture or that it will 
overcome effects of drought. 

V. That definite rules can be laid clown to operate a dry 
land farm.” 

In regard to the application of American practice to India 
it would seem, that the largest field lies in the selection and 
breeding of drought resisting plants and in the collection of 
economic plants from foreign arid countries. 

More cultivation would in famine districts render the lands 
more receptive and retentive, but generally the cultivators are 
unable to do this after a bad year, their cattle are scarce and 
in bad condition, and are not strong enough to pull heavier and 
more efficient implements even if they possessed the latter. It 
is interesting to note in this connection that the practice in 
the “ bosi ” lands of Sind follows out American practice very 
closely. Here the bosi ” land receives a 5'^ or 6" watering in 
August. On drying it is carefully ploughed several times and 
gone over with a very heavy roller till a dust mulch is made on 
the surface. In October wheat, etc., is drilled down into the 
moist soil and the crop receives no further irrigation. 




A. J. T. 



THE PEOBLEM OF THE IMPROVEMENT OF TH E 
INDIGENOUS COTTONS OF THE UNITED 
PROVINCES. 


BY 
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AND 


A. E, PARR, M.A., B.sc., Ph n., 

Deputy Director of Agriculture^ United Provinces, 

In VoI. VI, Part I, of this Journal for January 1911, 
appeared a reprint of an article entitled The Problem of the 
Improvement of Cotton in the United Provinces ” which was 
written originally in connection with the Agricultural Conference 
held during tho Allahabad Exhibition and to explain tlie cotton 
exhibits at that exhibition. During the two years that have 
elapsed considerable progress has been made in the experimental 
and practical work on the indigenous cottons which is being 
carried out by the United Provinces Department of Agriculture, 
and the interest which Is being taken in this work, render it advis- 
able, in the absence of detailed reports on the subject, to review 
the present position of this work. 

The work falls into two clearly defined sections— the experi- 
mental and the economic. It is first necessary to find, or to pro- 
duce, some tj^pe, or types, which will yield a greater return to 
the cultivator than the present mixture grown by him. It is, 
then, necessary to develop an organisation, which takes into 
account the economic aspects of the problem, for the replacement 
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of the local mixture by these types. We hope to show in thi^ 
note how far these objects have been realised up to the present 
moment. 

Before, however, it will be possible to indicate this, it 
necessary to outline certain fundamental principles, based partly 
on economic facts and partly on the nature of the cotton plants 
which it is necessary to keep prominently before the mind if 
success is to be attained and an improvement of the cotton crop 
is to become established. 

The outstanding features of the cotton problem of to-day are 
the proximity of a world’s shortage of the raw material and, as 
the problem more nearly affects Britain and British possessions 
the development of the mills in America. In practice this meaiu 
that America will continue to absorb more and more of her own ; 
produce and that by that amount will the supply to Lancashire 
be diminished. The cry in Lancashire is for more, and still more, 
cotton. The quality of that raw product is of secondary 
importance. The world’s mills may be divided roughly into two 
classes — those spinning fine counts* and those coarse counts of 
20’s and under. The bulk of the Lancashire mills fall into the 
former group and require as raw material a fairly long staple. 
This is found in the American cotton, from which country the 
bulk of the raw material comes, though a number of other 
cotton-growing countries, especially Egypt, and India also to a 
certain extent, produce cotton of the required quality. Low 
counts are spun very largely on the Continent, in India and in 
China, and recently in Japan. In the face of a world’s shortage, 
or at least a shortage in the Orient, any increase in the supply 
of raw material is beneficial. There is sufficient latitude in the 
mills of the two types above indicated to produce an adjustment 
which is largely automatic. A large increase in the raw material 
suitable for spinning low counts will lead to a lowering of cost 
and, automatically, a certain amount of raw materia] suitable for 

♦Spinning lO’s and upwards, spinning yarn giving 40 or more hanlis to the pouod. 
A bank being 84 ) yds. of thread, it is clear the higher the count the finer the thread and the 
longer the staple jfjquired to produce the necessary strength. 
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Biighcr counts will be libGrated. We may conclude, then, that 
fche main object is to produce an increase of the supply of raw 
Inaterial of any quality, and we are inclined to think tlmt this is 
[the true definition of the cotton problem of the world. 

{ The first and, probably, the most obvious, method of 
jincreasing this supply is to increase the acreage. It must not, 
[however, be forgotten that the acreage put under a particular 
•crop in a given area is. the resultant of many economic factors 
which are only partially under control. Thus, of the economic 
conditions which hold for the United Provinces, the guiding 
factors are the small size of the holdings and the absence of 
the capital. The first object of the cultivator is to provide 
food for himself and family and after that for his domestic 
animals. Having arranged for the supply of these, he is then 
in a position to consider what is the most suitable, or most 
valuable, crop he can grow in the remainder of his tenement 
subject to such limitations as are imposed by questions of 
suitability of land, nature of the season, rotation and the 
like. The cultivator wishes to get the best return lie can from 
the land at his disposal and will, therefore, jiut down the 
crop that is likely to pay him best under the conditions which 
obtain. India as a whole has not yet attained that development 
in matters agricultural which is brought about by increased 
facilities in transport and under which the major crops tend 
to become localised into the areas most suited for their produc- 
tion. The village, and even the family, is still, to a very great 
extent, a self-supporting unit. 

Until such conditions are established, it is impossible to 
increase the cotton acreage directly in a fully settled country 
like the United Provinces. The present figure is the balance 
struck by the existing economic conditions. It may be possible 
in new tracts, such as the new canal colonies of the Punjab, to 
introduce, as condition of tenure, the growth of a certain area 
in cotton,* but no such method can be adopted in these Provinces. 


* Vide recoin meEdatioES of Deputation to Secretary of State foe India, 1912, 

4 
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Increased area here can only be brought about by increasii.g 
the value of the produce of a unit area. Thus the problem, 
especially as it applies to the United Provinces, is still further 
reduced to finding some method of increasing the value of tne 
produce of a unit area, in other words, of increasing the inonoy 
return to be derived from an acre of the crop. 

Three methods suggest themselves, and they are — 

1. To increase the quality of the product. Other things 
being equal, improved quality of the produce means a potentially 
more valaable crop ; 

2. To increase the quantity or yield. This is the simplest 
and most direct, and with it is closely linked 

3. To increase the ginning outturn. The raw product, or 
kapas, gathered in the field consists of the two portions, lint 
and seed, of which the former is the more valuable. ^ By in- 
creasing the ginning outturn, the percentage which this more 
valuable lint forms of the entire produce is increased and with 
it the money return from the crop as a whole. 

Before we enter on a fuller discussion of these methods, a 
brief reference to further economic conditions must be mnde. 
Practically the entire crop in these Provinces is handled bv 
middlemen in its passage from the cultivator to the consumer 
and it IS with this middleman that the cultivator alone deals 
and to whom he looks for the immediate return for produce 
delivered. It is, therefore, the price this middleman is prepared 
to give, rather than the value of the produce to the consumer. 
Nvhich controls the growth of the crop. It is clearly of advan- 
tage for this agent to handle a single article in bulk rather than 
sinall quantities of different grades. It is for this reason that 
it is found so difficult to ensure the true value of the quality of 
the produce reaching the grower. Left to his own resources the 
cultivator has often to accept a price for his better produce 
which is less than that given for the inferior crop commonly 
grown. Of this we could give instances met with in our actual 
experience. We are here face to face with an economic force of 
no mean order which militates largely against dependence on 
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quality alone to bring about an increased monej’ return per unit 
acre. Such forces are not readily surmounted and can only be 
met by an organisation of the buying agencies wliich will ensur(‘ 
the cultivator obtaining full value for qualit3^ The difficulty is 
especially marked during the early stages of the introduction of 
types possessing a better quality of lint— that is, at the critical 
time when it is most desirable that the cultivator should 
appreciate the true value of his produce, he is least likely to 
obtain that value. 

For our part, we are inclined to consider that such a radical 
change of method is likely to be slow. In our attempts to 
improve the value of a unit area, by an increase of quality we 
propose to subject all improved types to the critical test of a 
determination of their value at the current market rate of the 
local produce ; in other words before such improved types pass 
from the experimental stage they must have proved themselves 
to be not inferior in yield, ginning percentage, et cetera, to those 
locally grown. The test is a severe one and may prove imprac- 
ticable, but in this way only is it possible to ensure that the 
cultivator will not suffer. 

We have shown that, under present conditions, the quality 
of the lint is of little value to the cultivator in the absence of 
special facilities for marketing bis produce. There remain two 
points only wliich he can fully and dli*ectly appreciate, the yield 
and the ginning outturn, to which may be added to some extent 
the colour. With the yield he himself is alone concerned. For 
the second he is largely dependent on the purchaser. The gin- 
ning outturn is at tiie present time the controlling factor in the 
price paid for the produce, in that the purchaser is prepared to 
pay in n earl 3^ direct proportion to the figure at which the kapas 
gins. Thus he will pny Rs. 10 as. 10 per maund for kapas gin- 
ning out at 39% when he pays Rs. 9 as. 3 per maund^ for desi 
Itapas ginning out at 33%. In the ginning outturn, therefore, 
|ve have at once a most ready and most easily appreciated means 
|f improvement. _ 

• Vuluts which tiiive been obtaiue^l duiiiij? the current season. 
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Before we leave the economic aspect of the' subject, we may 
refer briefly to one further matter which intimately concerns the 
practical introduction of such improved types as are obtained. 
In the crop which covers over million acres and which 
produces as much as 400,000 bales per annum a small percentage 
increase in yield, say 5%, is very perceptible. Owing very 
largely to the fact that the cotton crop is aggregated in the S. \V, 
corner of the province — with its centre at Muttra — in which 
district some 30% of the kharif area is sovm to cotton — the 
varying climatic conditions from year to year produce large 
fluctuations in the yield from the Province as a whole — larger than 
would be the case were the crop evenly distributed throughout 
when unfavourable conditions in one locality would be, in most 
seasons, compensated by favourable conditions in another. A 
5% increase, such as we have presupposed, would be lost in the 
fluctuations which occur from season to season. It would become 
apparent only when comparative tests are conducted in the same 
locality and the error due to climatic variations thus eliminated. 
In practice, however, the relative value of two crops is not judged 
by such careful comparisons nor even by the returns of any wide 
area. The total area under the crop is divided into an infinitesi- 
mal number of small holdings, each under the ownership of a 
different cultivator who is very largely guided by his own 
personal experience. Under such conditions the variations caused 
by climatic conditions are extreme, and a 5% increase, such as 
we have presupposed, would become entirely masked. An 
increase, to be perceptible when judged under such conditions, 
must, we believe, be at least 20 — 25%. For this reason it is hard 
to convince the cultivator of the value of a particular type unless 
the increased return attains to some such figure as indicated 
This argument, in the case of cotton, clearly applies to yield of 
kapas only. It does not apply to the ginning outturn Nvhich, 
therefore, forms the most salient point for attack in efforts at 
improvement. 

We may now pass to a consideration of those aspects of the 
problem which are conditioned by the nature and habit of the 
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jottoii plant and its interaction with its surroundings. Foremost 
imong these we place the method of branching. This point has 
)eeii dealt with in detail by one of us elsewhere. Here it will 
juffice to say that on the nature of this branching depends the 
iarliness or lateness of the dowering period and hence of the 
jrop. The length of the vegetative period— that is, the time that 
dapses between the dates of sowing and of the appearance of the 
irst iiowers — will vary, according to the nature of the branching 
mbit, from 55 to over 200 days. Now the climatic conditions 
Ander which cotton is grown in the United Provinces impose a 
I’cry definite limit to the growing period. The cold weather, 
throughout the cotton tracts, is sufficiently intense not only to 
dreck growth but to kill the plant 'back. The plant must have 
[lowered and fruited before this has well set in. Nor again is it 
possible to increase the vegetative period indefinitely by early 
sowing. Plants sown too early and exposed to the hot weather 
develop a. stunted habit with precocious fiowers. There is, there- 
fore, also a marked anterior limit to the growing period. These 
[imitations reduce the possible vegetative period to a maximum of 
100 days. With types having a vegetative period of this length 
sowings will have to be made in May or early June, f.e., before the 
monsoon sets in. Such types, therefore, require to be sown on 
irrigation and are suitable for irrigated tracts only. From the 
statistical returns it appears that of the million acres, only 
I million or some 20 per cent, are irrigated. Nor is the area 
irrigated equally distributed throughout; there arc large tracts 
in which cotton is sown almost entirely on the rains. For these 
tracts such types are unsuited. The problem is, therefore, two- 
fold. An early flowering plant, which will yield a crop, even 
l^hen sown on late rains, is required in addition to one suitable 
^r growth on irrigation. 

i One further point on this aspect ; it is useless to grow a plant 
mhxch. will fruit before the rains have well ceased. When such is 
ease the plant becomes exhausted in the production of bolls 


* Journal of Genetics, Vol. 1, 3-1911. 
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which do not open or, if they do ?o, yield a very inferior and 
weak lint. There is, therefore, a definite limit, not only to the 
growing period, but also to the vegetative period. The ideal 
conditions for a full crop are found when tlie plant is in full boll 
and beginning to ripen its fruit shortly after the withdrawal of 
the monsoon. It is, therefore, as mistaken a practice to sow an 
early flowered type on irrigation as it is to sow a late flowered 
type on a late monsoon. The dual nature of the problem is thus 
very evident, it is not possible to evolve or obtain one type 
suited to the varying conditions of the Province. Owing, how- 
ever, to the great fluctuations which occur from year to year in 
the date of arrival of the monsoon, the time for sowings on the 
rains is largely beyond control, and in some seasons it is possible 
to sow in this manner but a short time after the irrigated cotton 
has been sown. For this reason, and also owing to the consider- 
able power which the plant possesses, of immediate response to 
external conditions, it is as inadvisable, as, for economic reasons, 
it is undesirable to plant irrigated and unirrigated areas of a 
sincjle tract to different classes of cotton. The main cotton tract 
are roughly divisible into two classes, for the one in which extend- 
ed irrigation takes place, a late type, and for the other, charac- 
terised by little or no irrigation an early type, is desirable. 

A second aspect is based on the observed occurrence of a large 
amount of cross-fertilisation. The method and extent of tliis have 
been dealt with in some detail in a former note.* The amount 
of cross- fertilisation which takes place during the cotton season in 
these provinces is there shown to be between 10 per cent, ami 
20 per cent. This means that 10 to 20 plants per hundred will be 
developed from seeds fertilized by pollen from a neighbouring 
plant. The amount is sufficient, when smnll areas of any typt 
are grown in the proximity of other types, to lead to a complete 
loss of type in 4 or 5 years. The recognition of the practical 
bearings of this fact is most essential. They are twofold : (cf' 
the necessity of introducing an improved type into, and ihrougl’- 
out selected areas ; (h) the desirability of establisbing in the 


* Memoirs. Dept, of Ariculture in India, Eot. Series. V'ol. IV, No. 3. 
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Improved typo one or more distinct characters by which it can be 
^differentiated at a glance from the mixture of types it replaces, 
t How far tliese varied conditions have been met may now be 
dealt with. They may be best explained under two heads — im- 
provement by direct selection and improvement by breeding. 
The former, being the readier and yielding the quicker return, 
we take first. 

Improvement by selection . — We have already stated that an 
improvement of the ginning outturn is a fact wliich appeals most 
readily to the cultivator in that the increased value of the produce 
is directl}^ apparent in the increased price obtained for weight 
of kapas. It is here, as might be expected, that the largest 
practical results have been obtained. Tliese results have so far 
been confined to the Aligarh district where one of us has isolated 
a type which gins out at slightly under 40 per cent. The lint 
of this type differs but slightly from the desi type which gins 
out at about 33 per cent, but the kapas sells at Rs. 10 as. 10 per 
inauud against Ks. 9 as. 3 per maund* for desi kapas, an increase 
almost entirely due to the increased ginning outturn. 

The plant is of a robust type with a moderately long vege- 
tative period. It is characterised by a white dower and a deeply 
dissected leaf and rs thus similar to the type recently developed 
in the Central Provinces, 

A series of comparative trials between this white dowered 
type and the common yellow dowered tyjie of the Aligarh dis- 
trict has given an average of 7 niaunds 6 seers kapas for the former 
against 5 niaunds 39 seers for the latter. Calculated on the 
above basis the improved type gives a money return of Rs. 76 
against Rs. 54 as. 14 per acre— an increase of 40 per cent. The 
above outturns are for irrigated land only and it is probable the 
Jifference, when unirrigated land is also considered, would not be 
great. We may safely count on a general average increase of 
80 per cent. 

t ' We have here a type which fulfils the conditions we believe 

be essential to the introduction of a new stock, namely, an 

♦ Sefi page 


5! of this! .Journal, Vcl. Vlll. 
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increased money value of some 20 — 25 per cent. By its intro- 
duction, it may be hoped, not only to replace the desi mixture, 
but to increase the area under cotton in the localities where iis 
introduction is attempted. It is lacking in certain desirable 
qualities it is true. Thus the lint shows but little improvement 
over the den lint ; * beyond its white flower which is also possess- 
ed by many types of desi plant, it has no very marked distinc- 
tive vegetative character by which it can be recognised in the 
vegetative condition. 

This type is now being as widely distributed as circum- 
stances will permit and the development is indicated in the 
following table : — 


Area sown. 

1910- 11 

1911- 12 

1912- 13 

1913 - 14 


Acres. 

On experiaieiital scale only. 


400 

1,500 

20,000 (estimated). 


It has been recognised that this type does not attain to the 
ideal of what can be grown in these provinces and that it i.s 
merely one step towards that achievement. Therefore any organ- 
isation which is adopted should be one which will admit of the 
substitution of a still more improved type of plant than that at 
present under consideration, and we are inclined to think that 
that type ay ill owe its value to an improved quality of the lint. 

The recognition of this point has a vital bearing on the 
means adopted for distribution. The frequency of cross fertil- 
isation has already been noted ; and the eflect of this, if allowed 
to take place between the local cottons and a type possessing a 
better quality of lint, will lead to a marked deterioration of the 
produce from the latter. The old adage that the strength of a 
chain lies in its Aveake.st link applies here and the value of a 
sample of cotton is that of the shortest lint it contains. It 
follows that, to obtain the full advantage from improved quality, 


* Superfine Rengala of the trade, A^aluecI by the Imperial Institute (t iJi) Imp!. Inst. 
Bulletin, A’‘ol. X, p. 363) it is worth —C^(L per lb., fine Bcngals being In Bomba3' it 
has been valued at Ra. 265 per candy with fine Bengals at Rs. 245. 
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it is necessary that that quality shall be uniform and hence that 
cross-fertilisation shall be prevented. In practice this means 
that the improved types should be grown in compact areas and 
not in isolated fields intermixed nith fields of the oi’diiiary types. 
Where quality is not a factor of importance such precautions are 
not necessary ; no amount of impurity affects the price of the 
lint while a small amount will not appreciably affect the yield. 
Having, therefore, hopes that improved quality will ultimately 
be attained, we have considered it advisable to develop an organ- 
isation which will readily admit of the introduction of type.s 
possessing quality under conditions which will avoid their rever- 
sion. As we have said, the main condition for this is tlie growth 
in compact areas. For this reason we have preferred to proceed 
cautiously and, in the extension of this type, to develop an 
organisation adapted to ready extension to other types liaving 
improved quality. For this purpose the village is taken as unit. 
Within this unit area efforts are made to get sown to the 
improved type an initial area ^Yhich will be sufficient to supply 
seed enough to sow the entire cotton area in that unit in the 
following year. This initial area acts not only as a demonstration 
farm on a small scale but as a seed farm, in general it is found 
that cultivators are only too ready to take up a crop which they 
have seen grown with success in their immediate neiglibonihood, 
and ill a year or two it may be confidently anticipated that the 
improved type only will be grown throughout that area, whicli 
now forms not only a self-sufiicieiit unit but one from wliich a 
supply of seed can be obtained for wider distribution in the same 
manner. Once this stage has been reached and the crop establish- 
ed throughout such a unit, that unit village can be left to arrange 
its own internal seed supply and the energies of the agricultural 
staff* are released for development elsewhei’o. Ihe seed handled 
by the department represents, there tore, only that which is used 
in expansion of the area ; those areas where the crop is establish- 
ed and v/hich are merely inspected from time to time are not 
taken into account. Such seed as is recovered is distributed in 
: areas where a serious effort is to be made to replace the desi crop 
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and, TTiore scattered, through a ^Yider area in small quantities; 
the latter being merely experimental with the object o( ascertaiii- 
inj; prospective areas suitable tor further extension. Ihe slow 
rate of increase in the earliest ye^^r (from 400—1,500 acres) is due 
to the fact that a comparatively large proportion of this area 
consisted of widely distributed small plots for the above purpose^ 
of demostration, etc., and from these no attempt was made to 
recover the seed. 

Present experience has already shown the difficulties which 
may be encountered in tlie development of such an organisation. 
Chief of these is the difficulty in buying back the seed in suffi- 
cient quantity. In the early stages of the introduction of a crop 
which is a distinct advance on that commonly grown, the demand 
for the produce is so keen, in the face of a limited supply, that 
tlie purchase of any quantity of seed becomes expensive. In 
the process, too, we are brought into contact in general not with 
a few reliable individuals but with a host of small growers many 
of whom have disposed of their crop before the produce Is 
gathered, and who are, consequently, not free agents. Complete 
replacement, throughout a unit, of one type by another is, there- 
fore, nob the simple matter it appears. Progress must be slow 
especially at the first. It is to be hoped, however, that private 
assistance will be forthcoming eventually from the leading 
aorriculturists of the tracts concerned, who can materially help 
by undertaking responsibility for the units in which they are 
particularly interested. Signs are not wanting that development 
will take place on these lines. Certain influential agriculturists 
already appreciate the value of growing such a type in compact 
areas and are prepared to organise tlie seed supply to this end. 
We aim, therefore, at replacing, as rapidly and as far as 
possible, the organisation outlined above, by one of private 
effort, in which the person pos.sessing the greatest personal 
interest in the village unit undertakes the maintenance of the 
crop in a pure state throughout that unit. 

A further selection has been made of a yellow flowered 
clesi type which possesses a lint of improved quality. Tliis does 
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not possess tlie high ginning outturn of the last but depends 
rather on the quality of its staple to give an increased money 
return per acre. 

Ai>a sown (acres) 

... ... .'50 

1913-14 ... ... 4S0 (estimakd), 

The organisation used in the distribution of this type is the 
same as that desci ibed above, but a different tract has been 
selected for its introduction. 

Further selections have been made wliich are now in process 
of testing on the experimental farms. Of these we may mention 
two witli a very early flowering habit, tliat is, with a vegetative 
period of 50—60 days only. These are— 

(a) A white flowered desi plant, agreeing with Gammie’s 
G. neglectiim var ciitchicxi, 

(b) A yellow flowered plant Iniving a naked seed. 

The value of a naked seed for the production of cake is 
undoubted, and it is possible tlmt such seed would fetch a higher 
price on this account and thus increase the money return per acre 
by increasing the value of what is, at present, the least valuable 
portion of the produce. 

Both these types are suited to non-irrigated tracts, but they 
have so far not been tested sufficiently to be distributed to 
cultivators. 

Improveniement by Breeding , — This work has been dev eloped 
especially at Cawnpore with the object of evolving a type which 
ha.s, in addition to tlie qualities possessed by the dm types we 
have considered, a finer and more valuable lint. 

The process is, as has been said, slower than the selective 
process and consequently practical results are hardly to be 
expected in the short period which lias elapsed since the 
commencement. Nevertheless promise of ultimate success is not 

wanting. 

Briefly stated, the method consists in isolating pure types 
which possess between them the more important desirable 
qualities ; in crossing these and in isolating from the mixed 
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progeny a type which possesses the maximum of these qualities, 
For this purpose a series of types have been isolated and used as 
parents, including all clcsi types described above, which have becii 
crossed with all the best cottons of India. Unfortunately neither 
the American nor Egyptian plant is available for this purpose 

since complete sterility exists between these and all den types. 
For quality we are dependent on the true Indian cottons with 
fine lint and which we may summarise as follows 

Broach cotton— A plant which does not fruit till the sub- 
sequent hot weather and is, therefore, quite unsuited for cultiva- 

tiou in these Provinces. 

HingctnghQt cotton of the Centi’cil Provinces, T.his is an 
early flowering type and has a low yield and a low (25%) ginning 
outturn. 

Nnma cotton. -This is red flowered cotton grown round 
the temples in these Provinces and from its lint is spun the 
Brahmanical thread. It is a late flowered plant and yields no lim 
the first year. It is, however, grown as a perennial and, grown 
in this way, forms a large shrub. The plant appears now to be 
almost extinct and seed is with difficulty obtainable. 

Crosses between these three types and several forms ot de^i 
plant have been effected. It has been found that when Broach 
cotton is used as a parent a considerable degree of sterility occim 
in the offspring and on this account these crosses are not likely 
to be a practical success. In like inaniier when Hinganc/ (.i'. 
cotton is used as a parent the low yield of the piogeny has provei 
the stumbling-block. 

Matters are different, however, when Xurma is used as a 
parent and we have now a series of crosses between the 
plant and different types of cfei plant which promise well. le 
characters of the Nurma plant may, therefoie, be desen e 
more fully. In addition to the late flowering habit dependent 
on the type of branching, it possesses a red sap colour which 
declares itself not only in the deep red flowers but in the folia^^e. 
which is of a rich red tint. The lint is good, being slightly nioie 
than an inch in length, strong and somewhat silky. The ginning 
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outturn is low being some 26 per cent. only. When crossed with 
white or yellow flowered desi it gives a completely fertile plant 
which possesses the red colour of the Nirrma parent. The 
intensity of the red, however, is definitely diminished, and it 
is thus easy to distinguish the cross from both its full red and 
from its colourless parent. 

From this cross we have attempted to isolate a plant which 
possesses the early flowering habit, the high ginning outturn 
and the robustness and the yield of the deH parents and, in 
addition, the high quality of the Xjirma lint. In addition we 
have attempted to obtain the red sap colour of the N^irma 
parent. After what has been said above concerning the 
advantage of a distinct character recognisable in the vegetative 
condition, the object of this will be obvious. The Inspection of 
fields sown to such a type will be enormously facilitated. Before 
the first flowers appear, that is, before any clanger of cross- 
fertilisation arises, the fields can be visited and, by a rapid 
inspection, it is possible to tell not only whether there has been 
any adulteration but whether the crop contains any appreciable 
admixture of rogues produced by chance cross -fertilisation 
in the previous year, and, in the latter case, the rogues can be 
L’einoved during the ordinary process of thinning of the crop, 
Mo (question of compensation, such as might arise when mature 
ind bearing plants are removed, is incurred. The rogues will 
:hus be removed before they can cause further injury to the 
daiiding crop. Without such distinctive characters, adulteration 
ind rogues are with difficulty determined only by a careful 
ixainination of the lint, that is, after damage to the pure portion 
:)f the crop has occurred. 

It is impossible to deal here with the large series of forms 
A'hich have been isolated in the course of these experiments. 
We may say at once that the ideal combination of characters 
bas not yet been obtained ; but, what is more to the present 
purpose, there are clear indications that such a result is not 
inattaiuable. The chief difficulty in these experiments is to 
)btain a combination of quality with high ginning outturn— 
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quality alo rie is readily obtained— and until the conditions which 
dctennine this outturn are more fully understood the producthm 
of such a combination must remain a matter rather for chance. 
This question of the factors which determine the ginning outturn 
is now receiving detailed attention. 

Of the results which have hitherto been obtained by such 
breeding we can mention a few only. Thus we have, growing 
on a -J- acre scale, a type having the red foliage of the ISuvv.xa 
plant and a pink flower, with a vegetative period of about lOO 
days and a lint fully equal to that of the hurma parent. The 
lint of this plant has been valued at against 4c?. for fine 

Bengals. A larger area must be grown before its capacity to , 
produce a sufficiently lieavy crop can be definitely ascertained 
but we have reason to believe that it will be deficient iu this 
aspect iu irrigated tracts. It is deficient in the ginning outturn 
whif‘h only reaches 30—32 per cent., and it may be that this will 
be sufficient to prevent its introduction on a practical scale. 

A second type, similar to the last in leaf and flower colour, is 
also growing in a pure condition at Cawnpore. It gins out at 
about 35 per cent., but is somewhat deficient in quality when 
compared witii tlie h.st, but much above the qualit}^ of fine Bengals, 
Its value would be a\)out 5d. w’hen fine Bengals are pi iced at Ad. 
It is a very early flo\verer and would probabl}^ prove suited to 
non-irrigated tracts. Its yield cannot yet be calculated in figures 
bub the individual plants appear most prolific. 

We now possess also a series of types not distinguishable 
from the dtsi cottons until the fruits open when the quality oi 
the Hut is at once apparent. The ginning outturn of these varies 
between 40 per cent, and 30 per cent., but in all cases further 
tests are required to establisli their qualities as lieavy yielcleiJ?. 
This group as a whole, however, lack any distinctive vegetative 
cliaracter by which their control under field conditions will be 
simplified. 

Two points remain to be considered in the process ot 
multl[>lying these types up to the field scale. During this piocess 
it is necessary to reduce their number to a minimum by selection 
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based on their behaviour uader field conditions and, secondly, it 
is necessary to maintain, at least for a few years, a centre of 
purity for the types finally selected for distribution. By a centre 
of purity is meant an area in which the crop is grown under such 
strict control that a pure seed supply \Yill be guarante(Ml. 
This seed will be distributed to suitable centres and lead to a 
replacement of the crop in the same manner as is already being 
effected in the case of the white flowered cotton. The danger of 
deterioration, which has already been referred to when quality of 
lint is taken into consideration, requires additional precautions, 
and these are given by the estabJishinent of sucli a centre of 
purity from which will issue annually a supply of pure seed 
tending to counteract the effects of admixture and cross-fertilisa- 
tion. Such an area has already come into being in the establish- 
ment of a seed farm near Aligarh which will, as regards cotton, 
be used at first bo subject the types now in process of evolution to 
critical tests in the field and later, it is to be hoped, to form 
such a centre of purity for the types ultimately selected during 
the early years of introduction. 

We have attempted in the above note to describe not only 
tlie progress which has been made in the improvement of the 
indigenous cotton of these provinces, but the direction in which 
further progress is being attempeed. Enougli has been said 
to prove that the problem is no simple one and that the measures 
which have been adopted to produce a practical scheme, taking 

into consideration all the complex as[)ects of the problem, foim 

a reasoned plan of campaign. How far success will be achie\ed 
the future alone can say, but whether we succeed ot not in oui 
ultimate aim of evolving and introducing into extended cultiva- 
tion a plant having a greatly improved lint in addition to a Ingh 
yield and high ginning outturn, we think tliat ^ve cmi claim that 
at least some measure of practical success at improvement has 
-Ircady been achieved, and we hope tliat the experience gained in 
he process of breeding new type-s will not be found eiiUiel} 
inremunerative. Treated purely as a study in plant bleeding 
he problem is highly intricate. We are now well acquainted 
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with the behaviour of the main vegetative characters of the 
plant, we know less concerning the behaviour of the fibre but 
sufficient to be able to obtain plants possessing a good quality of 
lint with ease. At the present stage, however, we know little 
concerning the factors which control the ginning outturn which, 
as we have shown, is a matter of vital importance if practical 
results are to be obtained. It is on the solution of this problem 
that we believe most to depend, until which time the production 
of types with high ginning outturns must remain a matter 
largely of chance. 
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A.NTHRA.CNOSE OF SISAL HEMP. 


BY 

F. J. F. SHAW, B.8C. (Lond ), a.h.cs , p.l.s. 

During the past eight years specimens of diseased Agave 
have been received in the Mycological Laboratory at irregular 
intervals. The diseased plants are invariably affected by a 
3urious blackening and withering of the leaves, which usually 
begins at the apex and extends down towards the base of the 
leaf; sometimes, however, the blackened area is restricted to a 
small circular patch. The diseased portion of the leaf is shrunken, 
iind thinner than the healthy, and, as a result, the cuticle is 
thrown up into ridges and furrows over the blackened area. 
In the more recently infected portions of the leaf, the colour is 
i light brown, vvhlch changes as the disease advances to deep 
^lack. In the final stages of the disease small erumpent nodules 
appear in concentric rings. 

These symptoms are not at first accompanied by any very 
Dbvious signs of parasitic attack. This apparent absence of 
nfection by external organisms, taken in conjunction with the 
lature of the symptoms, might lead one at first sight to suppose 
that the cause of the disease was to be sought rather in defec- 
tive cultivation and adverse climatic conditions than in the 
attack of any fungal parasite. In German East Africa a disease 
of Sisal Hemp, which closely resembles that described above, 
the cause of considerable loss in the fibre plantations, 
^raun"^ states definitely that the disease is due to excessive 
nsolation. He was able to produce the characteristic symptoms 

* Hraao. K, — BlalQecken an Sisalagaven in Dcutsch'*Ostafrika. Berichte iiber Land, 
lod FoTstwirtscbaft in Deotgch-Ostafr|ka, Uritter Band, Heft 4 . 1908. 
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of the disease by placing healthy leaves under a high temper- 
ature in the laboratory. As a temperature, which under artificial 
conditions is sufficient to cause disease, occurs frequently in 
(jerman East Africa, it seemed probable that the source of the 
trouble had been discovered. 

While it is not disputed that excessive insolation, especially 
when the rays of the sun are concentrated through drops of water, 
may produce burnt and discoloured patches in the leaf, yet the 
results of the present research .show that the disease which occurs 
in India is due to the attack of a parasitic fungus. 

In 1892 Cavara* described a fungus, which he named 
Colletotriclium Agaves, occurring on the leaves of species of 
Agave in Lombardy. A description and illustration of this fungus 
is included by Montemartini f in his monograph of the Melaii- 
coniacea?. In 1903 Dr. E. J. Butler noted the association of 
Colletotrichum Aga\'es Cav. with a disease of Agave rigida 
var. Sisalana ; it was not, however, established that the fungus 
was the cause of the disease. Two years later a disease of culti- 
vated Agave due to the attack of Colletotrichum Agaves Cav. 
occurred in the Missouri Botanic Gardens. Hedgcock§ who 
investigated the fungus at the Missouri Botanic Gardens, made 
some inoculations with the mycelium and succeeded in producing 
the disease in healthy plants. He does not mention any other 
fungus as occurring in association with the Colletotrichum, a fact 
which is of interest, as in Guatemala, Keller man || found a specie.^ 
of Plowrightia associated with Colletotrichum Agaves on Agave 
am eric an a. The symptoms of the disease were very similar to 
those described above, acervuli or fructifications of Colletotrichum 
were developed on the diseased tissue in concentric rings. 

♦ CaTiira, F.— Hedwigia XXXI, 1892, p. :515. 

t JJontemartiDi, L. — Ricerebu sopva la stiuttiira delle Melanconieo. Afti IsHt. Pt‘i. 
Pavia, VI, 1900, Tab. 12, fig. 10. 

J Butler, E, J.— Pilzkrankheiten ia Iiidien im Jalirc 190.1. Zeitsebrift fur Ptiaiizen- 
kr.ankheiten, Bd. XV, p. ■!+. 

§ Hedgcock, G.— Disease of eultivated Agaves due to Colletotricluim. Report Mispoiis': 
Bot. Garfi,, 1905. 

|j Keller man, W; A,— A new Plowrightia from Guatemala, Journal of Mycology Xll, 1906 
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Sisal Hemp infected witli Colletotrichum has been obtained 
from a number of Districts including South Sylhet, Cachar, 
Assam, Cawnpore and Dacca. In spite, however, of the general 
occurrence of this fungus on diseased Agave it was not at {first 
believed that Colletotrichum could cause such extensive and 
serious damage. The arrival of a fresh parcel of diseased 
leaves from Dacca gave a favourable opportunity for obtaining 
pure culture of the fungus, Acervuli were cut out from the 
diseased leaves, and, after having been first washed in sterile 
water, were placed in agar tubes. Other portions of diseased 
leaves were flamed in alcohol and incubated in sterile petri dishes* 
In both cases a white mycelial growth was obtained, which, on 
sub-culturing on agar, gave rise to a typical culture of Col- 
letotrichum. Hedgcock seems to have had some difficulty in 
obtaining spores in agar cultures ; in our cultures, however, there 
was an abundant formation of acervuli. 

Inoculations were made on small specimens of Agave grow- 
ing in pots. In the first series of infections the leaves were 
wounded by making a small cut, tangential to the surface, and 
a minute piece of agar culture was inserted into the wound. 
The first result of infection is a blackening of the tissue at the 
immediate seat of infection. From now onwards the disease 
follows one of two courses according as the host plant succumbs 
easily or resists the attack. In the first case the whole leaf 
turns yellow, the change in colour spreading out from the seat of 
infection (Plate XVI), As the disease advances, the yellow colour 
changes to'‘'black and small black acervuli of Colletotrichum are 
produced ; in most cases the acervuli are distributed in concentric 
rings. The whole leaf eventually becomes shrunken and dry, the 
cuticle being thrown into a series of ridges and furrows, If the 
host plant resists the attack of the fungus the progress of the 
disease is muchjlower. In this case the damage is confined to 
the portion of the leaf immediately around the seat of infection 
(Plate XVII). In this small area the tissues become black and 
shrunken, so that an irregular depression arises on both surfaces 
of the leaf. Acervuli are produced in iconcentric rings, as in 
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the more extensively diseased specimens. A section througli 
ihe diseased leaf shows hyphsc of Colleto trichum ramifying 
in all directions through the tissues. If the section includes 
a fructification the hyphse are seen to collect and form a thick 
mass of pseudoparenchyma at the base of the acervulum (Plate 
XVII 1). From this pseudoparenchyma the hyphae grow upwards 
in a brush-like tuft, and finally, burst out through the ruptured 
epidermis as a mass of conidiophores bearing spores. In those 
cases in which the diseased portion of the leaf is restricted to a 
small area surrounding the seat of infection, a section through 
the junction of diseased and healthy tissue shows a layer of cork 
cells across which the hyphse do not penetrate. 

Other infections were made in which pieces of agar culture 
were laid upon the uninjured upper surface of the leaf ; none of 
these were successful. It looks therefore as if Colletotrichuin 
Agaves was a wound parasite requiring some damage to the host 
plant before it can produce infection. Nor indeed, when we 
remember the thick cuticle of Agave, is there anything surpris- 
ing in the inability of the fungus to penetrate the uninjured 
surface. It is not unusual to find longitudinal cracks in the 
leaves of Agave, especially after a period of hot dry weather, 
such breaks in the superficial tissues would afford a ready means 
of infection from air-borne spores. Collecting and burning 
diseased leaves and spraying with Bordeaux Mixture are methods 
which should prove efficacious in checking the disease. 
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PRELIMINARY NOTE ON THE OCCURRENCE OE 
ACIDITY IN HIGHLAND SOILS. 

BY 

A. A. MEGGITT, b. sc., 

Agri, Chemist to the Government of Bengal^ 

AND 

A. G. BIRT, BSC',, 

Dg, Director of Agricnlture^ Assam, 

Our attention was drawn to the occurrence of well marked 
acidity in highland soil both at Dacca on the stiff red old 
alluvium, and at Jorhat where the soil is still old alluvium but 
more sandy, when considering the infertility of these soils, which 
is most marked during the cold weather. 

The possibility of the existence of a high degree of acidity 
in such highland and often well drained soils, is one which np 
to now has perhaps not received the attention it deserves in 
those tracts in India where conditions climatic, etc., generally 
might be supposed to tend to soil acidification. The common 
idea that an injurious degree of acidity is confined to low-lying 
marshy or peaty soils is wholly erroneous, as our work on 
some highland and quite well drained soils proves. 

We have reason to believe that the occurrence of such 
a degree of acidity as is positively injurious to many cultivated 
crops is far more widespread in N.-E. India than may be 
commonly supposed. 

This might be explained on the grounds that these soils 
may have been originally formed from rocks more or less 
deficient in basic ingredients ; and that the amounts of lime, 
etc., present in these soils originally, have been subjected to 
gradual but certain diminution, by removals in drainage water 
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in a region of heavy rainfall, and by the constant withdrawal in 
crops of basic ash ingredients which exist as neutral salts in 

the soil. 

The preferential leaching of lime is well known ; when this 
process has gone far enough to establish a certain degree ot 
acidity the conditions set up favour the increased removal m 
drainage water of other plant foods notably phosphoric acid, so it 
comes°about that acid soils are generally more or less deficient in 
phosphoric acid, and respond to its suitable application. 

Most cultivated crops prefer a neutral or very taiiitly 
alkaline soil, but it so happens that some crops are more tolerant 
of acidity than others, that is to say, when grown in an tacid 
soil they make fair or even good growth while others either 
succumb or make very poor stunted unhealthy growth. 

The fact that some crops do well on acid soil is no proof 
that they therefore prefer it to a neutral or faintly alkaline 
one, or that they would not do better on the latter kind of 
soil'- it is a question of competition in nature, and it is simply 
because they have a greater, and other plants a less tolerance 
towards acidity, that the latter succumb and the former are 
given an undisputed field, hence in many cases giving rise to 
erroneous conclusions. 

It is possibly this fact which has tended to divert atten- 
tion from the undoubted evils that soil acidity exercises in the 
case of many cultivated crops, and has probably caused the 
failure of certain crops, and not of others, on this cla.ss of lad 
to be ascribed to other than the true cause, _ failures beiiii: 
attributed to lack or excess of moisture, bad germuiatmn lungfc 
attacks, etc., in ignorance of the real reason 
This happened early on in our own experience at Jorhat when 
an entire failure of the oat crop on land which produces fan 
crops of Au, paddy, and which before sowing the oats hada 
good dres,sing of cowdung, led us to suspect lack of ■ 

moisture as the cause. ^ - Tlu 

Examination proved that this was not the case. 

seeds germinated perfectly and grew to a few inches m heig 
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then suddenly turned yellow and died out. The top G inches 
of soil was in quite good physical condition and there was plenty 
of moisture within 2 inches of the surface, and conditions for 
aeration are in this soil first class. 

A crop of mati-kalai sown at the same time not only 
germinated but gave poor to fair crops. In view of all these 
considerations we were driven to seek another cause and found it 
was located in the acid condition of the soil. Analysis showed a 
deficiency of basic ingredients to which the accumulation of 
compounds toxic to the plant may be attributed, and as a further 
result of which soil acidity accrues. It does not follow that the 
toxic compounds are themselves acid, yet it appears probable 
that in view of the remarkable action of lime on tlie.se soils 
the toxins are either acids or acid compounds, and moreover 
they are probably only formed or at least able to accumulate to a 
dangerous degree in soils very deficient in carbonate of lime. 

Recent work, not yet completed, has disclosed the presence 
in these soils of an organic compound acid in character, definitely 
toxic to certain seedling plants, but the noxious character of which 
in such cases is minimised or entirely negatived by addition of lime 
to neutrality. This laboratory work agrees . entirely with field 
observations and fixes the characteristic infertility of these soils, 
with respect to certain cropping, as due, largely to a definitely 
toxic organic compound, acid in character, the evil effects of which 
may be largely, if not entirel}^, overcome by the use of lime. 

It is well known that lime brings about many changes of 
a chemical, physical and biological character in soils ; most soils 
contain sufficient lime to supply the food requirements of crops 
for this substance, and we have figures which prove that one of 
its least actions on our soils is as a direct source of plant food. 
We are convinced also that comparatively little of its action is 
to be ascribed to physical changes, at any rate at Jorhat. 

That it induces very much improved biological conditions 
is evident in the very much healthier tone and darker green 
colour of crops which follow its application. Probably its 
greatest function is the establishment of sound healthy soil 



72 


AGRICDLTDRAL journal of INDIA. 


LViii, >. 


conditions by its action on the noxious acid compounds present. 
It is highly improbable that nitrification is entirely suspended 
on these acid soils, yet it is possibly so far reduced that plants 
cannot obtain, in the form of nitrates, all the nitrogen which 
they require, hence those crops which depend for their nitrogen 
supplies chiefly on nitrates suffer more from an acid soil condition 
than others which have the power of drawing upon other com- 
binations of nitrogen to a greater extent. 

Our early experience with oats, previous to the sowing 
of which a heavy dressing of cowdung was given, but no lime, 
and which still failed to produce any crop, proves that acid soils 
are entirely uneconomical of manuring ; it is in agreement with 
universal experience that the most economical soils are those 
which are neutral or faintly alkaline. 

It is highly probable, considering the nature of these soil 
toxins, that deep cultivation and thorough aeration combined 
with the growth and incorporation of green crops will tend to 
improve matters, but it will take much time compared with the 
rapid action of lime, and moreover on many soils the addition of 
some lime would seem to be almost a necessity to secure even 
a decent green crop for turning in. 

Our experiments up-to-date tend to show that the neutralis- 
ing effect of lime dressings is not exerted to any great extent 
below the depth to which it is mixed with the soil during 
the ordinary process of cultivation. That this is true may be 
gathered also from Rothamsted experience; during the IStli 
century and earlier repeated ‘‘ chalking ” with chalk rock draivii 
from 10 to 12 feet below the surface, was practised there. 
To-day, it is stated that lime carbonate is only found in the 
surface soil. Moreover, judging from the cropping to date, our 
results indicate that for most common field and garden crops, it is 
not even desirable that the acidity should be neutralised to an} 
very great depth, but that if the soil be limed sufficiently to rendei 
the cultivated depth very faintly alkaline, so far as immediate!} 
succeeding crops are concerned, it is not only needless, but possibly 
occasionally harmful, to apply more lime than will ensure this. 
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Though the applied lime may subsequently not be found to 
any great extent except in the surface soil and to ordinary 
cultivation depth, still this does not preclude its action extending 
further down, because the passage of soluble bicarbonate of lime 
downwards during drainage can still bring about flocculation, 
precipitation and other changes in its path, and this constant 
leaching of bi-carbonate is a well known phenomenon ; laboratory 
proof of such action on the sub-soil is already in our possession. 
The deeper the cultivation, of course, the more lime will be 
needed to neutralise the acidity, because the added lime will 
thereby be spread over a larger volume of soil. 

While our results so far thus show that it is probably better 
practice and more economical of lime to apply only such quantities 
as will render the soil faintly alkaline to the ordinary cultivation 
depth, they also prove that to apply any less quantity than will 
ensure this, is not enough to produce full crops, and that though 
lime be applied in smaller quantities at intervals, ultimately the 
soil must be rendered faintly alkaline to the depth of cultivation 
practised. Lime should be intimately mixed with the soil as 
soon as possible after application ; otherwise its full early effect 
will not follow, and a dangerous degree of local alkalinity may be 
set up. 

For ordinary agricultural practice it should, wc think, be 
kept fairly near the surface. The amount of lime which it is 
safe or advisable to use depends, of course, on a number of other 
considerations besides the degree of acidity, and the depth of 
cultivation commonly practised ; such factors as the cropping to 
be followed, and the continued use of certain artificials, e.g.y 
sulphate of ammonia have also to be considered. 

Our work in connection with the lime problem is being 
extended to include other phases of its use than those briefly 
touched on above. 

For the present, it is enougli to point out the fact that 
acidity does occur in highland soils, in some cases where one 
perhaps might not expect to meet it, and, to enforce the recogni- 
tion of the great value of lime as an ameliorating agent. 



RING BUDDING, 


BY 

MOHD, AMIN KHAN, L.Ag., 

Farm }fanagei\ Peshawar Agricultural Station. 


In the neighbourhood of Agra, Delhi, Lahore and oiliei’ 
large cities in Northern India where fruits are extensively grown, 
there are groups of expert budding men who are employed by 
nurserymen as each budding season comes round. Many fruit 
growers bud their own plants, and peach-growers frequently 
combine nursery work with fruit-growing. “ Chhala ” or “ring 
budding” is the method invariably practised ur the propagation 
of peaches and pears, but some apricots, plums and mulberries are 
also ring budded. The art of ring-budding is extremely simple, 
and in India this is certainly the most expeditious and satisfactory 
method of propagating the fruits named above. The budding of 
peaches only will now be followed in detail, and the methods of 
work which are practised at the Peshawar Agricultural Station 
will be described. The table on page 77 outlines the propaga- 
tion treatment which other deciduous fruits require. 

P repan ttum of Stocks . — In early November, the land whicli 
has been fallowed for some months in j^reparation for peacbe> 
is finally ploughed, levelled and plotted into canal square!:. 
Oil 15th November, the area is marked in straight row:: 
'll feet apart, and drills 3 inches in depth are cut out by the 
Planet Junior Hand Hoe. The peach stones are planted 
about 8 inches apart in the lines, and are covered by working 
soil by the feet into the drills. It is advisable to insert a pin 
of wood at either end of each line in order to guide workmen 
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^vhen they are hoeing between the rows, until the seedlings 
appear above ground. Irrigation will probably be necessary on 
two or three occasions before the seeds gerniiimte in February, 
and hoeing is especially advantageous after irrigation. 

]3v the 15th May, the seedlings will be 12 or 18 inches in 
heio'ht, erect, full of vigour and ready to receive ring- 
buds. 

Budding . — Vigorous shoots 18 inches or more in length, 
with bark of a slightly rosy hue, and which have been cut from 
the crown of a healthy fruiting tree provide the best buds. 
Vegetative growth should not have finished in the shoots : these 
should be firm but not ripe. In Plate XIX, the method of 
takino’ off and placing buds is very clearly shown. The shoot 
at (l)has its leaves trimmed off fairly close to their buds, and 
niws of bark have been removed. If the sap is in condition, 
the internodal rings of bark will be easily removed and the 
exposed surface of the wood of the shoot will have a slippy, 
sticky feeling. With the ball of the thumb and the forefinger of 
the right hand, the ring buds are successively slipped off the 
shoot by a dexterous pull and outward twist of the fingers. It is 
not o-enerally the custom to ring the length of the shoot as shown 
in Plate at 1. More frequently the internodal rings are removed 
as each, bud is slipped off, working from the apex to the base of 
the shoot. At (2) various aspects of very perfect fistular buds 
are shown. No. 3 shows a peach shoot with a ring bud correctly 
superimposed. The bark of the shoot which has been budded has 
been slipped back and downwards until the ring bud firmly fitted 
the skinned shoot. The spare point of the shoot has been cut 
away above the bud. Something has been sacrificed for the sake 
of the picture at (3) where the bud is placed on a side shoot, and 
not on the main stem of a young peach seedling, as it should be- 
Guided by one who has practised the art, ring budding can be 
learned in a few moments. At the Peshawar Agricultural 
Station the budding is done by the farm labourers. An expert 
budder, under favourable circumstances, can bud from 200 to 400 
plants per day of 8 hours, and he expects 90 to 9 o per cent, of 
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his buds to grow if bright, hot and calm weather prevails for 
some days after budding. Dull days, with wind and low 
temperature, are unfavourable to successful ring budding ; 
dewy cold nights just after budding occasionally cause some 
failures. 

Irngation and Cultivation , — The plots are necessarily rather 
dry when budding is being performed, so water must be given 
immediately after the operation, and the soil should afterwards 
be kept moist until the buds are growing freely. Within 
ten days of budding, the buds should begin to show signs of 
growth, and when they are \ an inch in length the side shoots 
of the seedling foster-parents must be in part removed in order 
to conserve the vigour of the seedling in the growing scions. 
As the buds grow upwards, so must the shoots of the fostering 
stocks be gradually trimmed oil By the time the scions are 3 
inches in length, the side shoots of the foster-parents should be 
entirely removed. Plate XX shows a ring budded peach plant 
at six weeks of age, which has been budded too high for general 
purposes, probably because budding had been delayed until the 
seedling foster-parent was rather tall. Nursery treatment after 
the sixth week consists chiefly in encouraging vigorous growth 
by frequent hbeing and by timely but not over free irrigation. 
By early November, a good ring budded peach plant is 4 to 5 
feet in height and furnished with a useful foundation of side 
branches. It is fit to set out in the orchard within twelve 
months of the sowing of the seed of its foster-parent. In its 
second year in the orchard, it bears a few peaches ; in its third 
year, it should carry a paying crop of between 40 to 60 lbs. of 
fruits. On Plate XXI an orchard of ring budded peaches is 
shown. It was planted in December and January 1910-11 after 
the plants had an extra year in the nursery. At Peshawar 
Agricultural Station, the Planet Junior Hand Hoe is kept 
moving in the nursery lines, and the bullock hoe works between 
the orchard rows. Vegetables of many kinds are grown between 
the peaches during the first and second year in the life of tlie 
peach orelmrd. 







PLATE XXI. 




RING BUDDING. 


77 


King Budding Tablh. 


Fruit. 

Stock. 1 

Date of Planting Date of 

stock, budding. . 

Date of 
Orchard 
planting, 

Kkmarks. 

peach 

Seedling Peach 

Stones on lath Nov- 15th May j 
ember. to loth 

June. 

15th De- 
cember to 
15th Jan- 
uary. 


PI lira 1 

Seedling Plum > 
Seedling Peach ) 

Plum Cutting ... 

Stones on l.hhNov- j 
ember. ( 

loth December ; 

Do. 

For Sandy soil 
bud on Peach. 
For heavy soil, 
use plum stock. 

Apricot ... 

Seedling Apricot... 

Stones on I5th Nov- Do 

ember. 

1 Do. 

1 


Pear 1. 

1 

Wild Pear \ 

“ Pyrus Pashia ” 1 
Quince ) 

•‘Cydonia v u 1 - > 
garia.” ) 

Slickers on 1st to 1 yj- 
ISth December. 1 

Cuttings 1st to 15th \ r» 
December. j 

Do. 
j Do. 

The wild pear 
for big pear 
trees ; quince 
for dwarf 
, trees. 

Mulberry | 

Wild Mulberry 1 
“ Moris indica.’’ I 

Cuttings on Ist to ) ... 

15th December. ) 

Do. 

i 



NOTES. 


The Steel Memorial Medal, — At a meeting of the Council 
of the Royal College of Veteinnarj^ Surgeons, held at. 10, Red 
Lion Square, on Friday, October 11th, it was unanimously 
decided that the Steel Memorial Medal be awarded to Major 
J. D. E. Holmes, m.a., d.sc., m.r.c.v.s., of the Indian Civil 
Veterinary Department. The medal, established to perpetuate 
the name of John Henry Steel, is one of the highest honours 
the profession can bestow and is always awarded for original 
research in matters pertaining to the profession, 

(The Veterinary Journal, London, November 1912.) 

* 

* * 

Co-operative Cattle Insurance Societies.— The subject of 
Co-operative Cattle Insurance Societies is somewhat akin to that 
of rural Co-operative Credit Societies in conjunction with which 
they might be most efficiently worked in India. One great 
drawback to the poorer class of cultivators keeping good cows is 
the risk of their death, and if by the payment of a small sum 
per annum this loss could be recouped to them it would go some 
way at least perhaps in solving two vital questions of the day. 
viz.j the rise in price of plough bullocks and the rise in price of 
milk, ghee and other milk products. 

Before considering the question from an Indian point of 
view it will be useful to see what is being done in England 
among small holders in this connection, and statistics have been 
lately compiled relating to the 22 registered co-operative societies 
in England and Wales up to the end of the year 1910, parlic- 
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ulars not being available of unregistered societies of a similar 
character. The 22 societies had a total uiembershi|) of 1,G31 
members varying in numbers from 14 to 331 members, giving an 
average of 74 members per society. The number of cows Im] cal ve.s 
insured was 4,588, varying in number from 14 to 1 , 321 ), givino' 
an average of 20 D per society. Yearly premiums are in 010^1 
cases about 4/- for cows, the amount payable at death averaging 
about £ 10 , the premium thus being about 2 % of the sum insured. 
Some societies fix a maximum of £9, £12 or £14 per cow, others 
pay - 4 - to 4 of the value without limit, others pay £ 12 , tIO, or 
£8 according as the premium paid is G/-, a/-, or 4/-. For calve.s 
the yearly premium is generally 3/- after the age of G months, 
the amount payable at death being about £ 5 . 

All societies have a rule by which a special levy up to 1,<!. 
per animal insured may be raised in the event of funds being 
insufficient to meet the claims during the year, but this is very 
seldom necessary as most of the societies have accumulated 
a considerable surplus from which a possible deficit can be 
met. In addition to the premiums it is usual to charge 
an entrance fee, the commonest rate being Qd., l/- or 1/G per 
cow and C)d. or 9d. per calf. The proceeds of the hide and 
carcases valued at about £ I per animal are also credited to the 
society. The number of animals that died during 1910 averaged 
2’2 per ceiit., during 1911 it was 2'G per cent., varying from 3*8 
per cent, to nil in the various societies. 

The members of these societies are mostly small holders, 
the average number of animals insured being only 2'8 per member 
and rules are in force in most societies limiting the number of 
animals which any one member may insure. The societies are 
managed by a committee, two or three trustees, one or more 
Stewards, a secretary and a treasurer, the chief responsibility de- 
volving upon the Stewards whose duty it is to pass and brand the 
animals offered for insurance, to visit sick animals, etc. For these 
services they usually receive a small fee from the owner, of from 
2d to 6d. per animal for branding and 1/- or 1/6 for attendance on 
sickness or at death. Other rules include the punishment by fine 
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or expulsion for neglect of cattle or for attempting to raise clis- 
affection among members of the society. 

As examples of the 22 societies we will take (1) the oldest, 
that of Mawdesley in Lancashire established in 1807 with 33 
members, which insures 53 cows at a premium of 6/- per annum, 
pays i^lO on each cow at death, and has a premium income of 
£19-10 and a surplus fund of £46; (2) the largest, that of 
Whixall in Salop, established in 1842, with 307 members, which 
insures 1,329 cows and calves at an average premium of 3/10. 
pays an average sum of £7-12-6 per animal at death and has a 
premium income of £254-2-0 and a surplus fund of £1,176. 

The large insurance societies dealing in live-stock insurance 
charge a premium of 7|% or say 5/- on a cow valued at £10 as 
compared with 4/- in the co-operative societies, the death-rate 
of cows insured with them averaging about 6% as against 
about 2% in the co-operative societies. The difference in death 
rate is accounted for by the more individual care given to their 
animals by small holders and the less likelihood of having unsound 
animals admitted to insurance. The difference in rate of premium 
not accounted for by the increased death-rate is due partly to the 
Insurance Companies having to put aside nearly 40% of their 
premium income for expenses of management, agency and veter- 
inary fees, etc. 

With regard to the conditions suitable for such a society in 
India, premiums should of necessity be strictly based on the esti- 
mated value of the animal, perhaps 6 pies per rupee equivalent to 
3|- per cent, would be about the correct percentage for cows and 
calves, and 9 pies per rupee or 43-^% for working bullocks. The 
Stewards, who should be responsible and expert members of the 
committee should value the animals and the premium should be 
levied on the sum payable in event of death, which should be 
not more than fths of the estimated value. A small entrance 
fee and also a fee for attendance when sick or at death should be 
levied at the rate of 4 or 8 annas per animal. 

In the same way as the committee of the co-operative credit 
societies may refuse admittance of any person to the society who. 
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they think, is not to be depended upon, so the committee of the 
Cattle Insurance Society would refuse insurance to those who had 
a reputation for underfeeding or overworking their cattle. It is 
obvious that in tracts of the country where a scarcity of rain 
brings a fodder famine such societies could not work, but these 
tracts are now becoming smaller and smaller owing to the means 
provided for obtaining grass by rail from long distances. A. trial 
might at least be made la canal -irrigated and sub* montane tracts 
and parts of the country like Bengal, where there is always 
enough fodder. 

Enquiries have been made from the Registrars of Co- 
operative Societies of the various Provinces and they report 
that nothing has yet been done in connection with Cattle 
Insurance except that in one or two cases the idea has been 
mentioned at public meetings of those interested as a possible 
extension of the work. 

Since writing the above, I learn from the Registrar of 
Co-operative Credit Societies in Burma that 23 Cattle Insur- 
ance Societies have been formed there, and that they are pro- 
gressing and working successfully. 

From a copy of the byelaws kindly sent to me by the 
Registrar I find the following are the most important condi- 
tions : — 

General. (1) The Society insures only healthy bullocks and 
male and female buffaloes between the ages of 4 and 12 years. 

(2) No indemnity is paid in the case of loss from rinderpest 
or from any contagious disease mentioned in the Veterinary Rules 
(when the owner has not complied with the rules), riot, theft, 
straying or railway journey. 

Vaheation, (3) A member must declare all his plough cattle, 
giving their age, value and description : these will be checked by 
experts and fixed for insurance. 

Premium, (4) A premium of 3 per cent, must be paid in 
advance in six- monthly instalments. 

Deaths. (5) On the death of an insured animal the owner 
must report the death to, and get it vouched for by, at least two 



82 AGRICULTURAL JOURNAL OF INDIA. [VIII, I, 

members or one expert : he will then report to the Committee, 
who will arrange for the sale of the skin and flesh. 

Payment of Indemnity. (6) The Society will pay two-thirds 
of the Insured value of the animal, after deducting the sale pro- 
ceeds of the skin and flesh, payments being made at the next 
half-yearly meeting. 

Insufficient Funds. (7) If funds are insufficient, the Reserve 
Fund may be drawn on up to half of its total amount : if funds are 
still insufficient, indemnities must be proportionately reduced for 
all deaths during the year. 

Reserve Fund. (8) The Reserve Fund shall be formed from 
(1) fines for non-attendance at meetings, (2) entrance fees which 
may be levied from new members after the first year, (3) donations. 
(4) the yearly excess amount of receipts over expenditure and 
interest on reserve funds. 

Veterinary Attendance. (9) If the Committee think that 
Veterinary attendance is necessary the cost will be paid half bv 
the Society and half by the owner. 

Management. (10) The Society shall be managed by the 
Committee, who shall appoint a Chairman, who shall also be a 
Treasurer, Vice-Chairman and Secretary, who will give their 
services gratuitously. 

General Meetings. (11) General Meetings shall be held on 
August 1st and February 1st, at which all business shall be openly 
transacted ; all members must attend under penalty of a fine of 

Re. 1. 

It is estimated that deaths from other causes than those 
enumerated in para. 2 will not exceed 

Taking a Society insuring 120 cattle worth an average of 
Rs. 45 each, the annual premium will be 3^/^ of 120 x 45 
= Rs. 162. 

Assuming that 6 animals die during the year and that 
the proceeds of their carcases average Rs. 8, the net loss to 
osvners is (6 x Rs. 45 - G x Rs. 8) = Rs. 270 minus Rs. 48 = 
Rs. 222 of which the two-thirds part payable by the Society h 
Rs, 148, 
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There remains a balance of Rs. 14 to be credited to the 
Reserve Fund. 

Burma having made a successful beginning with these 
Societies, the time seems to have arrived for Registrars of Co- 
operative Credit Societies, and others interested in the welfare of 
the people to take the matter up.— (A. W. Fremantle.) 

« 

* * 

Experimental Fig Drying at Saswad,— After hearinc^ a 
complaint from fig cultivators in the village of Saswad, Poona 
District, that their figs fetch no price after one shower has fallen 
in June, the writer thought of undertaking an experiment in 
drying figs locally. Every year big consignments of dried figs are 
received in Bombay from Turkestan, Smyrna, Greece and other 
parts, and they are sold at the rate of eight to ten annas a pound. 

The writer put up with a cultivator at Amboni, a village near 
Saswad, and began the experiment in his plantation. The owner 
was kind enough to allow work in his plot and he also granted 
the concession of bagging and plucking the fruits at any time. 
The greatest difficulty about this fruit is that all do not ripen 
at one and the same time ; nor is it allowed to remain on the 
plants until it is completely ripe, on account of the trouble from 
beasts and birds, so only half ripe fruits are collected and sent 
to the market (see Figs. 2 and 3, Plate XXII). 

An attempt was made to collect a few seers a day of more 
developed fruits (see Fig. 4). Still one could not get that degree 
of ripeness which is recommended in the literature on this process. 
About 4 seers (38 figs) in all were got the first time and these 
were dried on a bamboo mat. Every second hour they were 
turned upside down. In the evening they were brought into the 
room and again in the morning at 9 a.il they were exposed. 
The temperature varied from 9 F to 95" F. at 3 p.m., and at 8 a.m.. 
from 8F to 83° F. Again the next day some three seers were 
added to the lot. The first lot gradually began to contract after 
three to four days (see Fig. 5), when they were lightly pressed 
P found in the market. Severe pressing made some fruits burst 
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and consequently rot (see Fig, 6), so careful handling and press- 
ing was then done. Completely ripe fruits did not yield to the 
heavy pressing, but only those that were half ripe (see Figs. 2 
and 3). In about ten days the first lot became ready for further 
treatment. This was assured when the fruits did not sink any 
longer and yielded to the pressure without the least resistance 
(see Fig. 7). They were weighed and found to be scarcely a seer. 
In the meanwhile the second lot was gathered. The fruits of 
the first lot were washed in boiling salt water, tlie strength 
being 1| lbs. to 50 gallons of water or *3 per cent., and then 
dried in the sun. After drying it was found that the weight 
lost was 75 per cent. One seer fresh figs gave one-quarter of a 
seer of dried figs. 

From the above it will be seen that the drying of this fruit, 
if carefully done, is likely to solve to some extent the difficulty 
of fio* cultivators in the Poona district. — (L. B. Kulkahni.) 

* 

* * 

Useful Measurements for laying out Plots. — In laying 
out an Experiment Farm it is usually necessary to arrange 
for a number of small plots on which to compare varieties of 
crops of which only a little seed is available. It is frequently 
nob advisable to make the boundaries of these small plots 
permanent because of the difficulties in cultivating small 
areas and because later on it may be desirable to experiment 
on larger plots. At the same time it is necessary to have s 
certain number of permanent boundaries such as watercourse? 
and farm roads. 

For the United Provinces wc have worked out an area 
of a size convenient for ploughing, which can be divided into 
small rectangular plots and which can also be divided with- 
out much waste of land into larger areas of a convenient shape. 

180 feet X 242 feet = one acre. 

A plot of 180 feet wide can be easily divided into temporary 
1/9 th of an acre by leaving a middle road of 4 feet. That gives 
88 feet on each side and 88 feetx 55 feet= l/9th acre. 
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A plot of laud 180 feet wide and 983 feet long allows 
of sub-division into tbirty-four l/9ths of an acre as follows. 
Run a 4-feet road up the middle. This gives 17 plots on 
each side. 

17 x 55 =935 

IG temporary roads of 3 feet each = 48 

083 feet. 

A plot 983 feet long can also be conveniently divided into 
four acres as follows : — 

242 feet x 4 = 968 feet, 

3 roads of 5 feet each = 15 feet. 

983 feet. 

Similarly ( 1 3 x 55 ) + ( 1 2 x 3 ) =751 

751 gives six half acres thus : — 

(6x 121) -1(5x5). 

Another useful number is 635. 

(11 X 55)-f*(10 X 3) =635 

(5 X 121) -h (4x7' 6^0 

(A. E. Parr and H. M. Leakk.) 


Feeding for Butter- Fat.— In his article on the General 
Feeding Characteristics of different classes of stock which forms 
Part II of the series of articles on the feeding of farm stock, 
contributed to the Journal of the Board of Agriculture (London), 
Dr, Crowther of Leeds Uni\'erslty discusses what influence 
feeding has upon the richness of milk. He says 

“The percentage composition of the milk yielded by a 
iparticular animal is largely independent of the nature of the 
food supplied. Provided that the ration is such that it maintains 
the milk -yield and general “ conditioif^ of the animal, the 
composition of the milk can in general be bub little affected by 
changes in the nature of the foods included in the ration. Even 
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in the case of under-feeding the composition of the milk ^ 
as a rule, but little affected until the condition of the animal 
has been very seriously reduced. Little reliance can be placed, 
therefore, upon the claims advanced on behalf of certain foodie 
that they exercise a specific influence upon the composition of 
the milk. The commonest of such foods are malt coombs, 
palm-nut cake, and cocoanut cake— all of which are said to 
exercise a specific beneficial effect upon the quality of the milk, 
There is good evidence that this is true to a limited extent of the 
two cakes mentioned. 

A further exception ought perhaps to be made of tlif 
case of very watery foods, such as turnips or brewers’ grainsi. 
ill view of the widespread opinion of farmers and cowkeepeij; 
that the quality of cow’s milk can be appreciably lowered by the 
use of such foods. This view has received as yet but little 
support from the experimental investigation of the subject, 
which, however, needs to be considerably amplified before the 
question can be regarded as definitely settled. Long-continued 
consumption of excessively watery food will probably lead 
ultimately to a general weakening of the organs of the body and 
thereby cause a secretion of more watery milk. As a rule, 
however, the amount of water supplied in the food can ^Rry 
greatly without diluting the milk. Certainly under ordinary 
conditions the quantity of milk secreted is quite independent 
of the amount of water consumed by the animal, the excess, 
if any, being mainly excreted in the urine and through the 
skin. 

“Although the nature of the food has, in general, little 
effect upon the percentage composition of the milk, it may have 
an appreciable effect upon the quality of the milk in other wau, 
e.g., flavour, hardness of butter-fat and so forth. This fact must 
be kept in mind in selecting food-stuff's for the ration of 
cows.” 

Ability to yield rich milk seems to be an inherited character, 
and if more butter-fat is to be got from any cow, it can only 
done by feeding to get a greater yield of milk of the same 
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quality. But there is a limit beyond which no higher yield of 
milk can be obtained by increa.sing the food-supply as there is 
an increasing tendency for additional food to promote fatten- 
ing rather than to increase the flow of milk. This limit 
varies greatly in different individuals of the same cla.ss.— 
(Editor.) 

it 

« * 

Separated Milk. — Cream separators are now seen working 
in many big cities of India. They make a large quantity of 
separated milk available for use. It is, therefore, desirable that 
the feeding value of this milk should be known. Separated milk 
contains about 3*15 percent, of casein which forms about 80'/^ 
of the total proteid matter of milk and being a nutritious sub- 
stance, the separated milk remains a valuable article of diet. 
Separated milk also contains mineral matter and when fed to 
animals helps in bone formation. Though it contains the whole 
of the protein of the milk, it is nearly devoid of the fat which 
should be otherwise supplied. It is employed in the preparation 
of bread, biscuits, cakes, and sweetmeats. It can be used for calf 
feeding. The deficient ingredient in separated milk as stated 
above is fat and to make a perfect calf food some carbohydrate 
must be added in a form easily digestible by the young animal.— 
(Editor.) 

* 

^ « 

In the course of his article on the feeding of farm stock Dr. 
Crowther of Leeds University says that in selecting the concen- 
trated foods for dairy cows due regard must be paid to their pos- 
sible influence upon the flavour of the milk, or more particularly 
the flavour, appearance, and texture of the butter. Ihe following 
food-stuffs, if used liberally, have a softening tendency upon the 
butter-fat — rice -meal, maize, oats, wheat bran. On the other 
hand, a hardening influence is exercised by beans, peas, cotton 
cakes and meals, and coconut cake. These effects are only 
appreciable when the food-stufts in question are used liberally, 
and may be avoided by using appropriate mixtures of foods. 



88 


AGRICULTURAL JOURNAL OF INDIA. 


[Via I 


Musty, mouldy, or otherwise damaged food should be avoided 
as far as possible, as objectionable taints may easily be imparted 
to the milk. So far as the influence of the food upon ti)e 
flavour of the milk and butter is concerned, good pasturage 
stands unrivalled, carrots are probably the best of the root 
crops, oats the best of the cereal grains, and ricemieal or maize 
Cferm meal the best of the cereal offals. 

o 

* 

* * 

Sugar from Maize. — A paper on the above subject by 
Mr. G. N. Blackshaw, Agricultural Chemist to the Government 
of Rhodesia, appears in the Rhodesian Agricultural Journal for 
October 1912. It seems that a factory for manufacturing sugar 
from maize was established in France about 1850 and large 
quantities were actually made, but the project failed owing to 
the development of sugar beet. 

More recently Mr. F. L. Stewart, in Pennsylvania, has shown 
that removing the cobs from the stalks when in the “milk" 
stage, results in an accumulation of sugar in the stem, and be 
has advocated the manufacture of sugar, alcohol, and cellulose 
simultaneously — involving the utilisation of the whole plant, stalk, 
leaf and ear. 

Mr. Blackshaw has, therefore, conducted experiments 
devised to determine the sugar content of varieties of maize 
grown in Rhodesia and the effect of removing the cobs. His 
analyses show a great variation in the sugar content of the 
stems of different varieties when the cobs were allowed to 
mature, but the differences are reduced by the removal of the 
cobs, which, the experiment shows, caused a rapid concentration 
of sugar in the stem during the first week after removal, 
culminating about the sixth week, — apparently at the same time 
that the cobs on the rest of the crop matured. 

The percentage of sugar in the juice of the decobbed stalks 
cut at this time varied between 12| and 14, and the glucose 
between '9 and 1*1 per cent. The amount of solids not sugar in 
the juice was generally over 3 per cent. The maximum quantity 
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of sucrose extracted by the mill used, was 7 per cent, of the 
weight of the stalk. These lesults do not appear discourao’ino' 
when the great variability of the maize plant and its adaptability 
to development in different directions by selection are taken 
into account. If successive crops of maize could be utilised in 
cane sugar factories, it would mean a valuable extension of tlie 
season. 

Analyses made by Dr. Leather at Pusa in 1911 showed 
that the proportion of sucrose to weight of stem may rise as 
high as 9 per cent, in Indian maize, but this represents that 
recoverable by chemical extraction, not by crushing. 

It is probable that in India’s shorter season the concentra- 
tion of sugar would culminate more rapidly, and as to this the 
time of maturity of the cobs on the main crop should be some 
guide to experimenters.— (A. C. Dobbs.) 

*■ 

Fleas on Horses. — The study of Medical and Veterinary 
Entomology is so constantly bringing to light new relationships 
between diseases and insects that it is becoming increasingly 
hnportant to collect every scrap of evidence regarding the 
)ccurrence of these latter, and biting insects of all sorts should 
DC collected wherever possible. Whilst on my way to Kollegal 
[Q July last I noticed that a/u^^:a-pony at Maddur (in Mysore) 
was infested with large fleas which literally swarmed all over the 
apper part of its head and neck. As the host seemed to be an 
anusual subject for the attack of fleas, specimens were collected 
iiid have been determined as the Dog Flea (Ctenocephalns cams) 
by the Hon. N. C. Eothschilcl. So far as 1 know, this flea has 
not previously been known to attack horses, so that the record 
becomes of interest. Neveu-Leniaire (‘‘Parasitologie des Ani* 
fnaux domestiques”) states that the Human Flea {Piihx irritans^ 
may occasionally attack horses, but otherwise these animals seem 
remarkably free from flea- attack, so far at least as the Pulicino' 
^re concerned ; several species of Savcopsyllinaiy however, are 
Wown to attack them.— (T. Bainbrigge Fletcher.) 
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The feeding of Coconut Cake to Milch Cows. (Jour, 
South-Eastern Agric. Coll Wye, No. 20, 1911, Mr. S. Skelton.) 
An investigation was carried out on the College Farm during 
the months of April and May, 1911, to determine the suitability 
of coconut cake us a food for the production of milk and butver. 
Three cows, which had calved about two months previously, 
were selected, and, after being fed for a fortnight on an ordinary 
ration, were given a diet containing coconut cake, the quantity 
fed being at first 2lbs. a day and gradually increased to Gibs, 
per head daily. The total period in which the coconut cake 
was fed was three weeks, after which the cows were kept und« 
observation for a week, during which time they received ordinary 
foods. The coconut cake appeared to produce very little effect 
on the yield and quality of the milk, and on the Keichert 
number of the butter, though in view of the shortness of the 
period and the small number of cows it is impossible to draw 
definite conclusions. It was clear, however, that the cake made 
the butter much firmer, and it is suggested that on this accoum 
it should prove useful as a food in warm weathei when difficulty 
is experienced in making firm butter. (From the Journal of 
the Board of Agriculture Vol. XIX, No. 7 , October, 1912.) 

* 

» 

The Flowering of the Mango. — Eeferring to a iioteby 
Mr. Tamhankar, that appeared in Part IV, Vol. VII of thi< 
Journal, Mr. Hartless, Superintendent of the Botanical Gardens 
at Saliaranpur, has sent us a note of his experience with regard tb 
the flowering of the mango, from which the following is taken 

“ The flowering of the mango is a subject to which I 
given some attention for the last two years especially ; paitieii- 
larly with regard to those under cultivation in these garden?, 
where we have nearly 100 varieties. 

There is no disputing the fact that there are a few vaiietk. 
that are irregular in their flow^ering period, the cause of which 
it is difficult to ascertain. I have known such abnormality m 

the ordinary Bombay^ even, due to a local injury in the 
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instance and perpetuated to some extent. But I have not been 
able to test if this periodicity was hereditary or not. 

The variety Barainashi has, as its name implies, the reputa- 
tion of fruiting all the year round, but here in Northern India, 
it rarely fruits more than twice a year, the controlling influence 
being undoubtedly climate. 

Personally I have never heard of any variety that ilowers 
normally every year. Most trees will flower every year more or 
less, the amount depending on the condition of the trees, and 
the extent of their productivity the preceding year. If we can 
get varieties with this fixed character of normally flowering 
every year, we shall solve what is at present a great drawback 
in mango cultivation. 

The real test is to see if the character is hereditary or not. 
I am of the opinion that it is not, and that a change of climate 
and environment would show the instability of this character. 

Out of nearly 60 varieties observed in 191 1, the difference 
between the earliest and the last to commence to flower was only 
25 days. The earliest to commence to flower in 1912 was what 
we call Bombay Dr. King, meaning that it was received from 
Dr. King when he was Superintendent of the Royal Botanic 
Gardens, Calcutta. This commenced to flower on the ‘20th of 
February. The latest to commence to flower was Kachinahua, 
which it did on March 20th. 

The first six varieties to flower were ; — 

Bombay Green, Bombay Dr, King, Eulbulcliaslini, 

Davies’ Favourite, Nayab, Singapuri. 

The last six to commence to flower were : — 

Hathijhul, Kachmahua, Moradabaiii, 

Nucka, Pyasee, Sharbati Brown. 

It is interesting to compare the average time that these 
plants remained in flower. 

For the first six (earliest) the average duration of flowering 
was 30 days. 

For the second lot of six varieties (latest) the average was 
only 12 days, showing a difference of 18 days in the flowering 
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period of those which flower early in the season and those which 
flower later. The inferred cause is the increase in the tempera- 
ture for the period of the year. 

In the year lOU, which was a bad year, owing to untimely 

rain spoilin<r the flowers or preventing pollination, the averages 
were 17 and 9 respectively for the six earliest and the six latest 


to flower, showing a difference of 8 days. 

For 1912, the average flowering duration for 58 varieties 
was 16 days, whereas that for 33 varieties observed in 1911 was 
only 11 days. A.s in the latter year the flowering period was 
most probably shortened by rain at the time, the figures for 19M 
may be taken as more nearly correct. 

It may here be remarked that the year 1910 was what may 
be called a "lean” year, and the natural inference was that 1911 
would be a " fat” year, but owing to rain at the time of flowering 
spoilincr pollination, it was one of the worst on record. Then, 
in 1912 the mango crop was one of the largest ever known, 
following two bad years, one of which was due to what we may 
call an inherited habit and the other to injury. This should tend 
to prove the contention that alternation in bearing is primarily 
due to over-production, with a consequent exhaustion, followed by 
recoupment. It may not be out of place now to give some turtlier 
analysis of Mango flowers, that I have made this last season, 
and which may also possibly serve as a basis for classification, 
The points taken into consideration were 

(а) Colour of the flowers. 

(б) Colour of the flower stalk. 

(c) Length of the panicle. 

(a) and {b) have been divided into the predominant colours, and 
(c) according to the length of the panicle, -short equal to 4 '-8 . 
medium equal to 8"-16'' and long lG"-20'' long. The varieties 
are arranged in tables under the respective characters. Ihey 
tables are given in the hope that other investigators will take tie 
matter up. In this way we may hope ultimately to find a more 
stable basis for classification than that suggested in the note 
on this subject that appeared in the last issue of this journal. 



Colour of Flowers. 1 Colour op Klowbii Stalk. I Length of Panicle. 
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Die Zifchtnng der landivirtschafclichen Kulturpflanzen, 
Volume V (Paul Parey, Berlin, 1912).— The increased activity 
during recent years in the improvement of crops, which hais 
followed the rediscovery of Mendel’s law, has shown the necessity 
of a new type of handbook. Investigations dealing with such 
problems require information of a kind which is not to be found 
in the usual works of reference. For example, in studying a new 
crop, the first problem wdiich confronts the plant-breeder is the 
difficulty of classifying and subdividing the existing varieties 
so as to obtain pure material as a starting point for his investi- 
gations. The varietal differences involved are so small that the 
information to be obtained from even the most detailed flora is 
of little or no use. The plant-breeder s classification only begins 
where that of the sy sterna tist ends. In a similar manner, the 
information required on everything which concerns the flo\\ei’ 
must be much more precise and definite than that necessary to 
the ordinary botanist. The smallest details concerned with the 
floral mechanism and with the periods at which the anthers and 
stigma ripen may be of immense importance both in actual 
hybridization work and also in considering the possibility of 
maintaining an improved variety. This publication, of which 
the fifth volume is now under review, was designed to supply this 
want. The first four volumes deal with the agricultural crops of 
Europe and contain a concise and clear account of all that is 
known concerning the varietal characters of these crops and 
their constancy, the floral mechanism and biology of the flower, 
the frequency of cross and self-fertilisation as well as a short 
account of the results obtained up to the present by liybridizatioii 
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by the various methods of selectioi). In many cases, 
)i'actical details are given of the methods and technique which 
lave been successfully adopted in hybridizing and in selecting 
he particular crop under discussion. References are also given 
0 all the important literature. 

Some of the most widely cultivated Indian crops such as 
vheat, maize and tobacco have already been dealt with in the 
earlier volumes on account of their position in European 
igriculture. The present volume, No. V, deals with tropical 
md subtropical plants only and includes most of the remaining 
[ndian crops of importance such as sugarcane, rice, cotton, coffee 
ind many others. Professor Dr. Fruwirth, the editor and 
luthor of the largest portion of the first four volumes, is also 
:he editor of Volume Y, but, in this case, owing to the distribution 
of the crops described, a large number of other authors have 
participated. In nearly all eases each crop has been dealt with 
by an investigator who is himself concerned Avith the improve- 
ment of that crop ; for instance, the chapter on the improvement 
if suo'arcane has been contributed by Van der St ok, the Director 
of the Java Sugar Experiment Station. This adds very material- 
ly to the value of the information and also gives the book a 
vividness and a wealth of practical detail which could be obtained 
ill no other way. Attention ma}^ be drawn to the articles on 
sugarcane and rice, the 6rst by Van der Stok and the second b}’ 
Fruwirth and Van der Stok, which are both excellent. These 
articles together with that on cotton by Leake are by far the 
most comprehensive, and show that in these three crops a great 
deal of progress has been made. The number and value of the 
chapters emanating from the Dutch Colonies, namely, the 
jar tides on rice, sugarcane, cacao, coffee, cassava and ground- 
nuts, reflect the great attention which has been devoted to 
the* improvement of crops in their tropical possessions b\ 
the Government of the Netherlands. In many cases the 
information available on the crops dealt with in this volume 
s still scanty, but it is hoped that this will be remedied in 
later editions and that new chapters on other crops will be 
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added. The publication of the book will in itself stimulate 
research and draw the attention of workers to those portions of 
the subject on which the existing infornnation is most meagre. 
In India, where so much attention is now being paid to the 
improvement of crops and where it is not always possible to 
obtain all the literature required, such a book will prove invalq. 
able and will be of the greatest assistance to all engaged in plant- 
breeding. — (G. L, C. H.) 

■ * 

♦ * 

Die Fauna Der Deutschen Kolonien. Reiiie V. Heft. 4 ; Dir 

ScHAEDLINGE DER BaUMWOLLE. VoN Dr. G. AuLMANN, BeR- 

LIN, 1912. Price, 5 marks. 

Preceding parts of this publication have been noticed in 
these pages (Vol. VII, page 411). The fourth and latest part, 
consisting of 166 pages illustrated by 120 text-figures, is devoted 
to the insect-pests of the cotton-plant in the various German 
Colonies. Many of these pests are very widely spread through- 
out the Tropics and some thirty of those mentioned in this; 
pamphlet are to be found in India either as identical or closely- 
allied species, but this number, it may be added, includes many 
which are only destructive to cotton -seed. The account of each 
insect includes references to economic literature, description of 
the insect, geographical distribution, life history and damage done, 
and remedial measures. — (T. B. F.) 

* 

Publications of Provincial Agricultoral Departments. 

Bombay. — The second part of a bulletin on the Seed Supplfj 
of the Ahmednagar District hy 'Mv. G. D. Mehta, deals principal- 
ly with the seeds of kharif crops. On the whole, the cultivate 
in this district appear to select the best seed for sowing purposes 
and to preserve it well, though the cleaning leaves much to be 
desired. Cotton seed, however, which is always bought from 
shopkeepers, is usually very inferior, and the author insists on 
the necessity of establishing some kind of enlightened control 
over the supply of seed of this important staple. 
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A bulletin by Mr. Burns and Mr. Patwardhan on The Treat- 
nent of Gra^ye-vine completes a series on tills subject. 

It has been found that careful pruning, removal of old bark and 
periodic spraying with Bordeaux mixture and soap are most suc- 
cessful in preventing the attack of mildew, 

m 

* * 

Mr. G. N. Sahasrabudhe who has spent two years in the 
West Indies studying sugar manufacture, is the author of an 
interesting bulletin on Muscovado Sugar Machinerif. 

He advocates the adoption of the Muscovado process for the 
manufacture of gur in India, in factories costing from Rs. 70,000 
to Ks. 1,00,000 to erect and capable of dealing with 10,000 to 
12,000 tons of cane in the season. A good j)rmur /ade case is 
made out for considering the establishment of such factories likely 
to be profitable, and details of the cost, working expenses, and 
probable receipts are given, purporting to shew that with gur at 
Rs. 120 per ton and a suificieut supply of cane within a four-mile 
radius, such a factory would earn from 40 to 60 per cent, on the 
capita,! invested. 

# 

Bengal — The April number of the Qmrte rig Journal issued 
by the Bengal Department appears somewhat late. 

In the principal article Dr. Jenkins gives an account of some 
Observations on the shallow water Fauna of the Bay of Bengal 
made on the Bengal Fisheries Steam-trawler, (jolden Cronii, 
1908-1909.’’ 

There are notes by Mr, Woodhouse and Mr. Ghosh on the 
flowering of sugar-cane in Bengal and on cross pollination and 
variation in Italian Millet (Setaria %talica) ; and by Mr. Smith on 
the results of seed selection on the yield of maize at Kalimpong. 

A short note by Mr. B. Palchoudhuri contains some remaik- 
kble statements in connection with the introduction hy him 
curing the last 10 years of Australian (Shorthorn and Ayrshire) 
pulls among ordinary Bengal cattle. These bulls roam about 
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according to the custom of the country and remain in good condi- 
tion. The cross-bred bullocks appear to be higWy appreciated 
for draught purposes, beating the Bengal bullocks “ hollow, in 
drawing the cart or plough.'’ 

The cross-bred cows, when properly fed and cared for, havi 
given up to 9 seers of milk a day, but their chief recominendatioii 
is that they continue milking for a much longer time than the 
ordinary Bengal cow. On the other hand, the cross- breds art 
more delicate than the ordinary cattle and require better feedin^^. 

# 

* « 

The Assam Department of Agriculture has pul 
lished in the form of a bulletin a Note on Manures contributed k 
Mr. Meggitt to the discussion of that subject at the meeting of 
the Board of Agriculture in 1911. The results, detailed in tk 
bulletin, of experiments in Assam, appear to justify Mr, 
in his conclusions that the greatest promise lies in the better use 
of the indigenous organic manures — eowdung, oilcake, and bones 
and in the extension of green manuring. 

>17 

Madras.— A similar note by Mr. Harrison on The Indigenuvt 
Manures of Southern India and their Application is published 
by the Madras Department. Price 6 pies. 

* * 

Central Proi'Miccs.— Corresponding Information for iln- 
Central Provinces is given in a note by Mr. Clouston in the 
October number of the AgricuUurcd and Co-operative (ia:ctt> 
published under the orders of the Director of Agriculture and 
the Registrar of Co-operative Societies, Central Provinces and 
Berar. 

The September number of this Gazette is a particularly goo 
one and contains among other articles one by the Commis.sioner 
of Berar in which he suggests that members of the Districi 
Agricultural and Industrial Associations should form semi- 
philanthropic companies for the growth under expert supers ision, 
and for the sale of seed of improved cotton ; an undertal'inj 
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V, iiich has been proved on the Akola Government Farm to be 
.-xceedingly profitable. Figures are given, founded on the 
.Aperience obtained at Akola, which shew that a profit of 11 
per cent, oil the capital invested, might be expected ; and it is 
suggested that if the members of such companies would agree t(t 
he satisfied with, say, 6 per cent., the remainder might be used in 
popularising other agricultural improvements. In consideration, 
apparently, of such a self-denying ordinance, the Central 
Provinces Administration would endeavour to find trained men 
to take charge of such farms. 

In a series of suggestive notes in the same number, the 
liegistrar of Co-operative Societies lay.s down some of tlie prin- 
ciples which should guide the issue of loans to members ot‘ 
Societies in the Central Provinces, and leads up to a set of 
Draft byelaws for a Co-operative Insurance Society for Plough 
Cattle” which should form a useful basis upon which to draw 
up the articles of other similar As.sociations in India. 

• * 

*■ 

The Quarterly Journal of the Indian Tea Association 
contains, among others, a note by Dr. Dope on a method 
)f renovating old tea bushes by pruning, and articles by the 
;ame author on the value of Logumiuous Trees in tea gardens 
md on the use of artificial and chemical manures. 

A leaflet entitled Hints on drafting, issued by the Bombay 
Department of Agriculture, contains short instructions on 
grafting, with simple clear illustrations and should be useful to 
anyone who is unable to obtain skilled assistance, in multi* 
plying good varieties of fruit trees. — (A. C. D.) 
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Annuiil Report of the Imperiiil Dep^wtment of Agriculture in India for the year 1904-05. 
price, Afl. 12 or Is. '2ii. {Out r/ print.) 

Report of the Imperial Department of Agricnlture in India for the years 1905 06 and 1906-07. 
Price, A8. 6 or 7(f. 

Report of the Agrionltural Ucsearcli Institute and College. Piisa (including Report of the 
Imperial Cotton Specialist), for the years ]9()7-f)9. Price, As. 4. 

Report of the Agi icultiiral UcscTi ch Institute and College. Piisa (including Report of the 
Imperial Cotton Specialist), for the year 1909-10. Price, As. 4 or urf. 

Report of the Agricultural Research Institute and College. Pilsa (including Report of the 
Imperial Cotton Specialist), for 1910-11, Price, A.s. 6 or 7tf. 

Report on the Progress of Agiiculture in India for the years 1997-09. Price, As. 6 or “d. 

Report on the Progress of Agriculture in India for the year 1909 10. Price, As. 6 or Id. 

Report on the Progress of Agriculture in Imlia for 19l()-ll. Price, As 12 or l.«. 3(f. 

Proceedings of the Roard of Agriculluie in Indi.i. held at Pusa on the 6th January 1905 and 
following day.s {with AppeinUces). Price. As. ^ or 9d. 

Procceilings of the Board of Agriculture in India, held at Piisa on the 15th January 1906 and 
following day.s (with Appendices). Price, As. 12 or 1 a'. 2d. 

Proceedings of the Board of Agriculture in India, hehl at Caw npnr on the 18th February 

191)7 and following days (with Appendices). Price, Re. 1-2 or Lv. Gd. 

Proceedings of the Board of Agriculture in India, held at Piisa on the 17th Fehniary 1908 

and following days (with Appendices'. Price, As, S or 9d, 

Proceedings of the Board of Agriculture in India, hehl at Nagpur on the 15th February 1909 
and following days (with Appendices). Price, As, SorOi/. 

Picceedings of the Boaial of Agriculture in India, held at Piisa on the21st February 1910 and 
loUowing dny.s (with Appendices). Price, As. S or 9d. 

Proceedings of the Board of Agriculture in India, held at Piisa on tlie 20th November 1911 
and following days (w ith Ajipendices). Price, As. 10 or Is. 

standard Curriculnm for Provinci al .AgidcuUur.al Colleges as recommended by the Board of 
Agriculture, 1908. Price, As. 4 or 5d. 

" A()rieuUural Journal o/ India, " A Quarterly Tournal dealing with subject.s connected 
with field iinil gaideti crop.s. ecotioinic plants and fruits, soils, manures, methods of culti- 
vation, irrigation, climatic conditions, insect pests, fungus diseases, co-operative credit, 
agricultural cattle, farm implemont.s ami otlier agricultm al matters in India. Illustrations, 
including coloured plates, form a prominent feature of the Journal. It is edited by the 
Agricultnr.al Adviser to the Government of India, assist-nl by an Advisory Committee of 
the Staff of the Agiiculhnal Research Institute, Pusa. Annual Subfn ipiiun. Rs, 0 or <s. 
Single copy, Rs. 2. 



Memoirs of the Department of Agriculture in India are 
issued from time to time as matter is available, in separate series, 
such as Chemistry, Botanj% Entomology and the like. 
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BOTANICAL SERIES. 

Studies in Root Parasitiara. The Haustorium of Sanlalum alburn.^ 
Part I.— Eai ly Stages by C. A. RaRBER, M.a., f.l.S. Price, Re. 1. 

Part II.— The Structure of the Mature Hauatorium and the Inter*relati( ns 
between Host and Parasite by C. A. Barber, M.a., f,l.s. Price, Rg. o. 
Indian Wheat Rusts by E. J. Butler, m.b., r.L.s. ; and J. M. Haymax, 
D.V.8. Price, Rs. 3. 

Fungus Diseases of Sugarcane in Bengal by E. J. Butler, m.b., f.l.s, 
Price, Rs. 3. 

Gossypium obtusi/olium, Roxburgh, by I. H. BURKILL, M.A. Price, Re. 1, 
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Map showing the scattered ;nature of five individual holdings in the 
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THE. CONSOLIDATION 
OF SCATTERED HOLDINGS. 

The evils of scattered agricultural holdings in India and 
the desirability of employing official agency to consolidate such 
holdings have been recently urged by Raja Pyari Mohan 
Mukharjee, President of the Swadeshi Mela, in his speech made 
by him at Calcutta on the occasion of the opening ceremony of 
the' Mela on 14th September 1912. The Raja is reported to 
^have said as follows : — 

“The most formidable obstacle in the way of agricultural reform is the smallne.^s ot ryotty 
'holdings. In several districts the number of ryots holding less than an acre of land is legion, 
while the holdings of others wliich vary from five to ten acres or more, comprise a nuni W of 
plots situated as often as not in diferent fields at distances of several himdreda of yards from 
one another' Such a state of things involves great loss of time and labour, it renders all 
economic arrangement for drainage and irrigation of land quite impossible, and it involves the 
ryots in endless disputes regarding ingress and egress of water to and from neighbouring plots. 
The evil* becomes much greater when the holding is further divided and sub-divided by the 
•iperation of the laws of inheritance, and two or more co-sharers have a joint tenancy in each 
of the small plots which originally belonged to a common ancestor. These evils have been 
remedied in Japan by converting all small holdings into compact farms by exchange addition 
and deduction of lands held by different tenants and creating a number of peasant proprietors, 
the farms and areas of whose lands are controlled by an Agricultural Bureau appointed by 
the State,” 

Though this, so far as we are aware, is the first public utter- 
ance in favour of official intervention, the evil in question, both 
as regards tenants and as regards small proprietors, has long 
been recognised in India. In those mines of interesting infor- 
mation, the Appendices to the Famine .Commission Report of 
1880, will be found a paper by Sir Charles Elliot and Sir 
E(hvard Buck in which these well-known authorities wrote as 
follows 

“ It is an evil from an agricultural point of view that the land of each holder should be 
broken up and separated (for, even if the proprietor does not cultivate himself, he h.as to give 
bis tenants broken holdings), and it' would l>ea great a<lvantage to distribute cuUivatnrs* hold- 
ings as far as possible by blocks,” 

a 
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The Japanese practice was brought to notice in an article 
by Mr. Shearer in this Journal in January 1908, and the issup 
of October 1912 contained a note on the corresponding practice 
in Austria. Mr. Kent in go also, the late Ui rector of Agriculture 
in Bombay, in Chapter III of his recent work on the “Burn! 
Economy of the Bombay Deccan,” and in his lecture delivered 
to tlie Society of Arts on the 16th Januaiy 191 J, regardinir 
“Agricultural progre.ss in We.stern India,” has examined tlio 
characteristics of tlie “ economic holding,” and has recognised tlie 
economic loss clue to holdings being scattered in different portions 
of a village. Most persons acquainted with rural India must be 
aware of cases in which the scattered cliaracter of holdings b.-v^ 
been the cause of much loss and discontent, but hitherto there 
has been, so far as we are awai’e, no definite scheme put forward 
for Government interference in tire matter. 

Ind ian students of agricultural economy, when looking out- 
side India, have usually turned their eyes to England, wliich of 
all countries in tlie world affords the most unsuitable basis for 
comparison witli circumstances in India. Our Indian students- 
have seldom paid attention to the countries of Central Europe 
where the character of the holdings and the relations of Govern- 
ment to agriculture are much more akin to what they are, or 
should be, in India. The recent advances in Japan have, liow- 
ever, attracted the attention of many Indians as they have tluit 
of Raja Pyari Mohan Mukharjee, and as Japan has borrowed 
most of its improvements from Continental Europe, it is to be 
hoped that we have at last begun in an Indirect manner to 
feel the influence and example of nations like Germany and 
Austria in matters of agricultural economy. The system of 
consolidating holdings was introduced in Japan as lately as the 
year 1899, but it has been known in Continental Europe in some 
form or other from the 16th century onward, and great use has 
been made of it since the individualization of agricultural economy 
caused by the great reforms of the first half of the 19th centuiy. 
In France the process under consideration has been less used than 
elsewhere owing mainly to the greater tenacity of Jaissez-jnire 



10:^ 


CONSOLIPATIOX 0 ? SCATTERED HOLPIXCiS. 

principles in that country, but something of the same kind was 

....cognised as necessary hr Scotland and connection 

with the well-known series of Enclosure Acts, In Germany the 
consolidation of holdings was originally undertaken in connection 
„iily with the partition of common land, and it is still usual in 
that country to combine the operations for consolidation of hold- 
ings with those for the division of common land and the buying 
out of servitudes. We find tire question of consolidation naturally 
enough mi.xed up, as it is in Raja Pyari ^[ohan iMukharjee'-s 
speech, with the question of the small size of holdings (morcell- 
ment), and tlm question has also its relations with other interest- 
ing subjects, suoli as tire open field .system, tire systenr of mutual 
cultivation and that of enclosures, but for the purpose of tire 
pre.sent paper it will be well to deal only with tire propo.sals which 
luive been made for the inrpr’ovenrent of scattered iroldiiros bv 
consolidation. 

There appears to be consensus of opinion in Europe that 
consolidation is econoinicall}" a sounder condition of thin<^.s tluni 
dispersion, and the action taken in the various countries of Eui’ope 
towards this end has been conveniently summarised by Roscher 
in Chapter 78 of his XcUional olonomik des Ackerham.^ 

Detailed accounts of the measures introduced for this object in 
Sweden, (Jermany and Austria will also be found iu Bulletins ot 
the Bureau of Economic and Social Intelligence recently issued 
by the Institute of Agriculture at Rome. We have not in Emr. 
land any definite term for the process in (.|uestion which is some- 
times described as ‘adjustment,’ sometimes as ‘ consolidation,’ and 
sometimes b}^ the terrible word ‘ restriping,' none of which terms 
has yet been definitely recognised in Englisli technical literature. 
The German language on the contrary has a number of regular 
technical terms for the process, and the economists describe it by 
numerous synonyms such as Verkoppelung, Zusammenlegung, 
Arrondierung, Korn massat ion, Konsolldation, Feld here in igiing, 
And the like. 

In most countries we find attempts made from time to time 
to effect the object in view by voluntary ai'rangcments. Wliethei* 



104 


AGRICULTURAL JOURNAL Of INDIA. 


[VIII, n. 


the State is prepared to go further or not, it can at least 
encourage voluntary exchanges, as in Austria, by a total or 
partial exemption of such exchanges from Stamp and Registra- 
tion Duties. In France it is said that the first Napoleon con- 
tern plated the exemption from Registration fees in such cases, 
but even this step has not as yet been taken and the affection 
of the French legislature for the process of consolidation has 
never ripened into any actual assistance. In Austria a law of 
1869 goes so far as to allow the opposition of a mortgagee in a 
case of voluntary exchange to be overridden on reasonable 
grounds by competent official authority. 

Such voluntary exchanges, however, as we know in India, 
go a very little way towards solving the difficulty, and, just as in 
most parts of India the State steps in to give official help in the 
partition of joint holdings, so in Central Europe the State 
considers it its duty to step in to give official help for the 
consolidation of scattered holdings. 

The first step einplo 3 ^ed in Central Europe is for the officials 
to be approached by petition from the persons interested, and it 
is generally laid down that action will be taken only on the 
application of a certain proportion of the proprietors in the 
village. The 'actual proportion differs in different States, and 
has differed in the same State at different times. Sometimes a 
fixed proportion of the owners, by number, is considered sufficient. 
Sometimes this is qualified by requiring the applicants to rep- 
resent a certain proportion of the area or of the rateable value 
of land in the village. As a rule, the proportion fixed is one-half 
or two-thirds, and the most suitable arrangement would appear 
to be something on the lines of that adopted by the Hanoverian 
law of 184*2 which requires an application from the half of the 
number of persons interested on the understanding that these 
persons represent two-thirds of the area and two-thirds of the 
land revenue of the village, an arrangement which avoids giving 
excessive influence either to numbers or wealth. When the 
requirements of the law in this respect are too exacting, as for 
instance, in the Bavarian law of 1861 which requires the 
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applicants not only to be four-fifths of the number of owners in 
the village but to represent also four-fifths of the area and the 
revenue, the result is that little or no use is made of the law. 

[t would be possible no doubt to allow a redistribution to bo 
„iade of the property of those persons only who make the 
application, but apparently an arrangement of this kind has 
nowhere been introduced, the universal rule being that the whole 
area of the village should be made subject to redistribution. In 
some cases too the application may be vetoed for reasons giv’en 
by the officials and in some States the officials may order re- 
distribution independently of an application for special reasons, 
such as the necessities of irrigation or drainage projects. 

The application having been sanctioned, the next step is to 
prepare a scheme of redistribution, and in this portion of the 
process there are great technical difficulties to be overcome, but 
to anyone acquainted with the procedure followed in partition 
cases in India, these difficulties should in this country not be 
found insurmountable. Where it is impossible to provide new 
land of exactly equal value with the old, the difterence is some- 
times made up by cash payments and in some cases such pay- 
ments are limited to a variation of 10 per cent, from the value 
of the previous holdings. Special classes of cultivation such as 
gardens, vineyards, etc., are often left untouched, and an attempt 
is always made to give to each holder a class of land to which 
he is already accustomed. Pasture land, for instance, is not 
given to holders who have hitherto been entirely agriculturists 
and vice versa. Existing mortgages and permanent tenures are 
left as far as possible unaffected. Tenancy questions, such as we 
are acquainted with in India, are not prominent in Central 
Europe, but if the process of consolidation were introduced in 
India, the consent of the landlords would doubtless be required 
for a consolidation of tenants' holdings, just as it is in some parts 
of India already required for their partition. The main object 
of the process as carried out in Europe is to get each proprietor s 
land into one block or into as few separate blocks as possible. In 
Sweden, the law for a long time went so far as to insist on each 
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holder being given one block only, but the provisions of the luw 
were subsequently so altered as to admit of tw o or more blocks 
in certain circumstances. All controversies arising in the couisc 
of the process of consolidation, including controversies regarding 
civil rights, are left, in Austria, to the decision of the othciak 
carrying out the consolidation, appeals being at the same time 
allowed to be made by parties interested. The expenses of the 
process were originally shared, in Prussia, according to the 
advantage gained by each holder or, where this advantage cannot 
be ascertained, according to the value of his property, but there 
would appear to have been some dithculties with regard to the 
division of expenses on this basis, and a law of 1875 has fixed 
the cost of consolidation at a certain definite sum per acre dealt 
with. In Japan, the State itself contributes largely to the 
expenses of the process, and in 1901) the sum spent by the State 
under this head was reported to have exceeded T25,000, a sum 
which is said to have constituted one-fourth of the total ex- 
penses connected with agricultural administration, for the year, in 
that country. 

There is one aspect of tlie case w’hich has been pushed 
further in Europe than is likely to be the case in India, and tliat 
is the inducement caused by the consolidation of holdings for 
owners and tenants to leave the central village site, and live on 
the newly constituted holdings. In India as in Europe different 
tracts have different habits in this respect. In some the agri 
culturists are wedded to the village habitation. In others they 
already live each in his own holding. The enthusiasts in the 
cause of consolidation point out that when all the agriculturist.^ 
are huddled together in one village site, they are exposed to 
much bickering and strife, to numerous petty thefts, and to tlio 
ravages of fire and infectious diseases, that they lose the value 
of true family life, that their cattle are not properly housed and 
so forth. They admit no doubt that when the people are togctlici 
in a village site, police arrangements are easier, and they also 
confess that there are greater facilities for carrying out small 
repairs and petty operations by village artisans. At the saiut- 
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time they are convinced that it is better on the whole tor each 
family to live upon its land, and under the intlueiice of this 
principle the law in Sweden has been so worked that during the 
last century more than one-lliird of the cultivators have loon 
induced to leave their village sites and migrate to their own 
iiuldings. It is probably true enough that economically the 
scattered form of residence is more adsantageous, but it is of 
course an open cjuestion how far the Government in any country 
would be prepared to exert any pressure to induce people to 
abandon habits to which they are wedded as regards their 
residence. 

Apart, however, from any (piestion of actual residence on 
holdings, much has been said in favour of the sclieine of com 
M)lidation in itself. The advantages of a consolidated holding 
arc already acknowledged by the Government in this country in 
those provinces where its orders in the matter of partition of 
joint holdings encourage the adoption of arrangements by which 
in the case of partition each owner should obtain his land as far 
as possible in one place. It is true that there are dimculties 
when the owner or tenant is attached to his land for sentimental 
reasons, and it is also true that a scheme of consolidation mi^dit 
conceivably be used (as schemes of partition someiimes are) for 
the purpose of pett}^ annoyance. There are also cases where a 
village contains many different kinds of land (some tracts, for 
instance, being liable to Hoods and others not), and it would not 
be fair to require an owner or tenant in some such cases to hold 
all his land in one ti’act. In areas, moreover, which are subject 
to hailstorms, the visitations of hail arc of so local a charactei' 
that there are advantagc.s in having one's holding in several 
different parts of the village. 

Granting all this, however, it is urged that there still remain 
substantial benefits in a scheme of consolidation. Iho original 
object of the system adopted in Europe was to avoid litigation, 
fUid an amalgamation of holdings certainly has a tendency in this 
direction. The procedure was, however, maintained in Europe 
on account not merely of its effect on litigation, but also of the 
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agricultural benefits conferred by it. When, for instance, work- 
men are employed on an estate, it is easier to supervise them If 
they are all employed in one ring fence than if they are on scat- 
tered plots. There is, moreover, even in the case of villages where 
the agriculturists do not reside upon their holdings, a considerable 
saving, when the materials and agricultural implements have to 
be carried to one site only and not to various scattered spots, and 
a similar advantage is found in the conveying of crops after the 
harvest. There is also a considerable saving in the matter of 
ploughing where a holding has been consolidated. It has been 
calculated in Austria that the expenditure on the cultivation of 
land increased for every 500 metres of distance by 5 '3 per cent, 
for manual labour and ploughing, from 20 to 35 per cent, for 
transport of manure and from 15 to 32 per cent, for transport of 
crops. Another advantage of a consolidated holding is that the 
occupier is then in a better position to fence his land from the 
trespassing of cattle, finds it easier to protect it from birds, and 
is able to undertake certain kinds of improvement such as 
sinking of wells. Cases occur every day in India in which an 
agriculturist would be ready to sink a well in his land if the 
whole area were in one spot. Another and very tangible 
advantage in the consolidation of holdings lies in the saving, 
which it entails, of the waste caused by uncultivated boundary 
baulks. It has been calculated that if a holding of 62^ acres is 
composed of a single square piece of land, the length of the 
perimeter is 2 kilometres. If it is divided into four parcels also 
square, the perimeter is about 4*47 kilometres ; for 10 parcels, the 
length of the boundary reaches 6 32 kilometres ; for 20 parcels, 
it is 8*94, for 50 parcels, 14'28 kilometres. From this it can be 
estimated how much culturable area is wasted by baulks of 
say one or two yards in width, when the number of parcels in 
a holding is increased. The general result of a process of con- 
solidation is acknowledged on all hands to be a very considerable 
saving in the net cost of production. 

The authorities give us many instances of the savings which 
have been achieved by the process of consolidation. One of the 
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earliest of those noticed is that of a village in Prussia which was 
unable to pay its taxes and in which Frederic the Great enforced 
a system of consolidation with the result that in a few years the 
village was sold for a considerable sum. Instances are given in 
Roscher s book above quoted of various portions of the^Germaii 
Empire where the increase in value from consolidation has reached 
50 or even 100 per cent., where the value of the meadow hay has 
been doubled, where the cost of labour has been reduced by 2/3rds 
and so forth. A case is given of a consolidation conducted over 
100,000 morgen in Westphalia with the result that the peasants 
were able to dispense with 287 horses and 16 oxen, while at the 
same time increasing their cows by 1,197. A case is quoted from 
Bavaria where the value of land was raised by 64 rupees an acre 
through consolidation. In Japan we are told that the reduction 
ill the cost of labour caused by consolidation may be put at 20 
per cent, and the increase in the output of crops at 20 per cent. 
Then there is the case quoted by Mr. Keatinge of a village in 
Saxony with an area of 1,500 acres, 25 proprietors and 774 plots, 
where the number of plots were reduced by consolidation to 60 
and an area of 10 acres saved in the roads and fences alone, with 
the result that the saving in culturable area at once met the cost 
of the proceedings (amounting to Rs. 2,000), and steps had to be 
taken for increasing the storehouses for agricultural produce. 
Many other similar instances could also be o^iven to show the 
benefits which have accrued from the consolidation of scattered 
holdings. 

As an instance of the amount of work actually carried out 
in other countries in connection with this procedure, mention 
may be made of Prussia where, between 1878 and 1880, 85,000 
plots were reduced to 13,000. In the same country in 1898, 
147,425 plots were reduced to 34,828, and between 1874 and 1898, 
2,953,692 plots were reduced to 760,976. In Weimar, the 
number of plots was reduced from 479,997 to 55,028, and in 
Hesse Darmstadt the average number of plots in a holding has 
been reduced from 14 to 2. In Sweden also proceedings have 
been undertaken for many years on a gigantic scale, these and 
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allied operationshaving extended over 184,000 square kilometre.^ 
or an area equivalent to two -thirds of the total area of Italy. 
In Japan the Government has also taken up the scheme in h 
comprehensive manner and has decided that, in order to improvu 
the agricultural produce of the kingdom, operations must 
carried out over an area of 000,000 acres out of which 1/lOth 
has aleady been subjected to the procedure. 

In view of the recommendations put forward in Raja Pyari 
Mohan Mukharjee s speech, it is well for us in India to acquaint 
ourselves with what has been done in this direction in other 
civilised countries. Slinllar schemes have received the attention 
of several of our agricultural experts, but they have not yet been 
seriously taken up by the revenue stafl‘ or by the agricultural 
public, and the above notes on the treatment of the subject in 
Europe have been put together with the object of placing those 
who are interested in the question in the way of obtaining for 
themselves fuller data and more extended information regarding 
the action which has been taken outside India to meet the class 
of difficulties which Raja Pyari Molian Mukharjee has so prom- 
inently brought to notice. 
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From the general standpoint of the iinprovenient of crops 
the more modern investigations on hybridization are not without 
interest. In this paper an attempt will be made to indicate the 
bearing of these investigations on the wider aspects of jdant 
breeding work conducted witli tlie object of obtaining better 
staples than those now cultivated. At the present time, in many 
countries, there is a considerable amount of .state- aided effort 
devoted to the advancement of agrieultui’c, and one of the chief 
activities of the various Agricultural Departments is concerned 
with plant breeding and selection. 

D The Preservatiox or Pike Lines. 

The most modern investigations on hybridization confirm 
the necessity of starting all plant breeding work from pure lines, 
the characters of whidi have been studied adecjuately. In the 
present state of knowledge, tliis is undoubtedly the best material 
available for the purpose and, consequently, the preservation ot 
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the pure lines for the benefit of future workers becomes an 
important matter. This is particularly so in countries like India 
where reliable seed merchants do not exist, and where it is prac- 
tically impossible to procure varieties of crops even botanically 
pure. Before hybridization work can be begun in India, it is 
necessary to make surveys of the particular crops studied and 
to separate them not only into botanical varieties and finally into 
pure lines but also to determine with precision all the characters 
of the pure Hiie.s themselves. All this preliminary work neces- 
sarily involves the expenditure of considerable time and money. 
As hybridization work proceeds, more and more pure lines of 
known gametic constitution will become, as it were, accumulated 
at the various stations, and the proper preservation of this 
material is an important matter, and becomes a valuable asset to 
the Agricultural Department concerned. It is important that it 
should not be lost and that it should be readily available for 
future workers in a manner somewhat similar to the way in which, 
at research centres, libraries of books are handed down to 
posterity. 

The preservation and exchange of pure lines, the constitu- 
tion of which has been proved, might easily become of very 
general importance. There is little doubt that hybridization 
work will, in the future, become in each country more and more 
restricted to a few centres, and it is very probable that the 
material of one country may be of use to the workers at centres 
in other countries. Thus there may very easily be useful 
exchanges of pure lines in Northern Europe and again in North 
America, The whole subject of the best means of preserving 
pure lines of economic plants of known gametic constitution is 
one which might well be taken up by the next International 
Conference on Genetics or by the International Association ot 
Botanists. 


2. Plant Breeding Stations. 

The complexity of apparently simple morphological charac- 
ters in wheat leaves little doubt that the number of factors 
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involved in characters ot economic importance such as streiK^th of 
iiour, rust resistance and standing power are equally great. ^ This 
in turn renders the isolation of new kinds, which bree'd true in all 
respects, from the progeny of a cross, a matter of greater labour 
and longer time than was at one period suspected. In addition, 
many of these characters are subject to the influence of environ- 
jnent, so that both the study of inheritance and the work of 
breeding improved varieties becomes increasingly difflcult. If 
progress is to be made in the elucidation of the laws of inheritance 
on the one hand and in the production of improved crops on the 
other, it seems difficult to resist the conclusion that there can be 
little or no progress in either direction unless the work is orcran- 
ised m such a manner that it is restricted to a few centres 
adequately equiptmd. The publication of the early researches on 
inheritance, which followed closely on the rediscovery of Mendefs 
law, undoubtedly stimulated a large amount of hybridization work 
at agricultural experiment stations, and was the means of 
raising expectations that the improvement of crops was a simple 
matter and might be accomplished in a very short period. As a 
consequence, plant breeding was started at stations as an addition 
to an already overloaded programme, and the result has been to 
flood the literature with a mass of superficial results of no perma- 
nent value. Whenever plant breeding has been done with 
thoroughness and on a sufficiently large scale, it has invariably 
been found that the inheritance of characters is by no means such 
a simple matter as was first supposed, and the investigations con- 
ducted at such centres as Ssalof explain why it is that the 
numerous attempts at plant improvement made at agricultural 
experiment stations have not led to any very striking results. 
There is no doubt that plant breeding work is useless unless it is 
carried out on a large scale and with great thoroughness. This 
in turn can only be done efteetively at experiment stations, at 
which this work is made the chief item of the programme. 
It would be better, therefore, for each country to maintain a few 
good plant improvement stations than to carry on superficial 
investigations at many centres. 



114 


AGRICULTURAL JOURNAL OP INDIA. 


[VIII, I,. 


3. The BASIS of selection. 

The results obtained in a recent paper"^ have a considerable 
bearing on selection. It has been shown in wheat that characters, 
whicli appear at first siglit to be simple, are in reality made up 
of several factors, each inherited independently of one another. 
The total number of factors in this crop will, no doubt, be found 
to be considerable. Natural cross-fertilization has been shown to 
be niucli commoner than was at one time suspected, and this sup, 
plies the means by which these factors can combine together to 
form a very large number of wheats, differing from each otlior 
by small amounts, Tlie known complexity of botanical varieties 
in wheat is at once explained by the interplay between the numer- 
ous factors rendered possible by natural crossing. Consequent] v, 
the wheats of any region and especially those of a country like 
India, in which agriculture has been practised from time imme- 
morial, supply material, which may well turn out to be a veritable 
gold mine, for the exercise of systematic schemes of selection. The 
careful comparison of the oflspring of single plants may yield 
results of great value to the country. A similar state of afiuirs 
appears, from our observation in India, to obtain in several otlier 
crops in whicli self-fertilization is the rule. The comparison of 
the pure lines of these self-fertilized crops offers a line of work 
which may prove to be of the very greatest importance in agri- 
culture and is moreover much simpler than hybridization investi- 
gations. The only difficulties involved are those relating to 
the interpretation of the results of the field trials in deciding' 
whether or not an improvement has really been obtained. 

These results also concern the (question of the improvement 
of plants in which crossing is common. Here there is little doubt 
also that numerous factors are involved. These, however, have 
crossed so much among themselves that there has been no op{)or- 
tunity for the production of pure lines, so that the crops are a 
uetwmrk of freely intercrossing forms. A large amount of 
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systematic selection, extending over a considerable period is 
therefore, necessary before material, in any sense aniirnxl' 
mating to pure lines, can bo obtained. While, therefore X 
,,uestion of selection in self-fertilized erop.s is .seen to be 
established more firmly as a result of recent work ,)n hybridiza 
tion, the difficulties in applying thi.s proee.s.s with, succe.s.s to cross 
fertilized crops appear to be very much greate.'. Further tlie 
,|uestion of the maintenance of the vigour of these latter croi.s 
when grown in pure culture and when crossing is t)reventcd is -i 
subject which, up to the present, has not received a vei'v lai.l- 
amount of attention. ‘ 


The maintenance of the vigour of crops in wiiieh a certain 
proportion of natural crossing takes place, is an itn|:)ortant mattei’ 
As is well known, the result of cross-fertilization is to increase 
the vegetative vigour ol tlie first and succeeding generations and 
the question arises what will liappen if this crossing is prevented 
in the case of a pure line which has been selected )or uniformity 
and which has been grown subsequently in [)ure culture. Will 
tlie vegetative vigour of such a culture be maintained, if there is 
no natural crossing or will it be better to [)ei'niit a certain ainount 
of crossing to take place in such a way that uniformity of pi-oduct 
is not affected In other words, is the aim to be the proveution 
of crossing altogether or the regulation of crossing It may be 
possible in selecting crops to isolate two piu’e lines which yield 
similar produce and to allow these to cross among theimselves so 
as to secure for the cup the iuereased vigour which follows this 
process. Such a matter can obviously only be decided by 
experiment. In considering this question we must not permit our- 
selves to be unduly influenced by the demands of the market for 
certain classes of produce. The requirements of the market are 
naturally of great importance, but this is not the only factor to be 
considered by a Government Agricultural Department like that 
of India whose business it is, in introducing innovations, to look 
at the matter from all points of view including that of the wel- 
fare of the Indian cultivator. It might be no advantage to the 
cultivator, after the indigenous mixed crops of a tract ha\'e been 
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replaced by a pure line with uniform produce, if this improve- 
ment were followed by a diminution in vegetative vigour. The 
plant itself, which is concerned solely with its own maintenance 
and reproduction, often under conditions relatively unfavourable, 
must also be considered. In the struggle for existence it is at 
least questionable whether such matters as uniformity of product 
are as important to the plant as the power to grow vigorously 
and to maintain itself well over an average of years. Looking at 
the subject as a whole it seems desirable that the scientific basis 
underlying the selection and growth, in pure culture, of cross- 
fertilized crops should be very thoroughly investigated. On the 
results obtained will depend not only the direction in which the 
crop can best be improved but also the methods of seed distribu- 
tion whicli should be adopted. 



RA.BI FIELD EMBANKMENTS. 

BY 

G. EVANS, M,A., 

J)/>putij Divsctor of AgriciiUiire, Central Provinces, Xorfhern Virvie, Jnhbulpore. 


Few people are aware that in the upper part of the 
Nerbudcla Valley, a system of vahi cultivation exists which is, 
in its way, unique and which so far as is known i.s not found 
in any other part of India. ^ The soil in those parts of the 
Jubbulpore and Narsinghpur districts, where this system obtains, 
is a heavy black clay unfitted for the cultivation either of dhau 
(paddy) or of the superior kharif crops, such as cotton or juari ; 
but it is eminently suited to wheat which is tlie staple crop 
of the Nerbudda Valley. The valley here is a level plain, 
averaging about 20 miles in width and bounded by the foot 
hills of the Satpuras to the south and by the Hiran and 
Nerbudda rivers, which flow directly under the great Vindhyau 
escarpment, to the north. Tlie whole of this tract from north 
of Jubbulpore to twelve or thirteen miles beyond Narsinghpur, 
a length of between 60 or 70 miles, is heavily embanked. In 
the west of the Bilaspur district and in other scattered areas 
in Chhattisgarh a somewhat similar system is found. In these 
districts the practice has arisen of turning low embankments 
in black soil rice fields into larger Baudhias (as they are called) 
for wheat, and similar to the haveli\ type described above, The 
T(ikan loans of 1897 famine greatly e.vtended this practice ^Yhich 
enables a fine crop of wheat to be grown in the field itself, and 


t" very similar ajatem prevails iu the Gaya District of .South Bihar, (Ed.) 
I Black soil tract of the Nerbudda Valley, 
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tliP rice crops in the field below it to be irrigated when the bank 
is cut, The sum of these advantage.s seems to outweigh the 
potentialities of double cropped rice, which was previously grown 
in these areas. The system which is de.scribcd in some detail in 
this article, however, refers to the Upper Nerbudda Valley .and 
consists briefly in holding up the monsoon rainfall in the em- 
banked fields, which are enclosed on all four sides, and in retain- 
ing in the fields the water so impounded until sowing tinin 
approaches, when it is let out and the fields sown as soon as 
the land is dry enough. The system is of very ancient origin 
and was developed in the very fertile plain to the north-\\e,st 
of Jubbulpore city, where land has probably been embanked 
for some hundreds of years commencing from the time when 
the Hindu cultivators from the north first entered the xallry 
and ousted the indigenous Gond. From this centre, the 
system .seems to have crossed the Nci’budda into the Xiir- 
s'inghpur district within more recent times. Tt also received 
an extraordinary impetus in the Bijeraghogarh pargana before 
the Mutiny when the Hindu ruler of that time Raja Prayag Das 
encouraged his cultivators to embank by the promise of a protect- 
ed tenure. 

The area of the Jubbulpore embanked tract is roughly 
200,000 acres, and that of the neighbouring Narsingdipur district 
is rather le.ss than 100,000 acres, which does not include small 
separate areas, in which conditions being suitable, this system 
has also been introduced. The embankments are of two kiinls, 
riz., the Bandhan and the Narhandh. 

Narhrtndh.—The former which will be discussed more fully 
later on are typical of the tract and consist of level fields sin- 
rounded on each side by an embankment. They become filled b) 
the rainfall alone. The Narhandh, on the other hand, is built on 
sloping land or across a Ncda and is a much bigger construction. 
A Narhandh is filled by the collection of rain-water from a con- 
siderable area. The silt thus brought down in suspension slowly 
levels up the bed of the Narbnndk, but this is a very slow pi® 
cess, It is said that a builder of a Narhandh does not himself, 
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as a rale, realise the full benefit of his industry in the shape of 
belter crops, but expects his son to do so. As Nm'hmulh.^ are 
comparatively unimportant in tlie tract we are diseussinir, .^^vinu- 
to its level nature not necessitating their construction, a further 
consideration of them may be omitted and a more ilciailcd 
description of the tj^pical Bandhan proceeded with. 

The Construction of Bandl>aa.<.^\n the case of typical 
Jkindhans of the Jubbulpore-Narsinghpur llareli, only fiat 
stretches oi good soil are usually eml)anked. Tliese soils m'e of 
two kinds and are named Acthetv and Mwid each being generally 
divided into two classes, riz,^ inferior and superior. 

Kahar I is a yery heavy lilack clay containing practically 
110 sand or stony nodules. Wlien dry, it becomes very liard and 
tough and cracks uddely. A fractm’cd lump of dried ICthar 
possesses a glazed appearance. ludnir II is a slightly inferior 
edition of the alcove, It occasionally contains a small amount of 
sand, and in that case hardly cracks at all when dry. Other 
kinds contain small [urakni's or nodules of limestono, sncli soil 
being difiicult to distinguish from Mnnd, Kahar is in all cases, 
however, a heavier soil than the latter, is extremely retentive of 
moisture, but is apt to become Itaid ra[)i(lly, which makes 
it unculturable unless the seed is drilled just at the right 
time. 

Mund is also divided into a supeihu’ and inferior elas.s. It 
is a lighter soil than Kahar, is more free working and always 
contains lime*stone nodules. In tlie poorer classes of Mv.nd 
these are numerous and of large size, and the .soil is greyer than 
it is in the case of true d/?/j?c/ and at the same time is not so 
fertile and is less retentive of moisture. 

Work on the construction aiul repairs of embankments is 
always done in the hot weather after wheat harvest is over. 
The soil is taken from the Inside of the field next to the Bund 
and is dug out in great cubes by means of a crowbar, the blocks 
of earth being built up one on the other like stones in a wall. 
A typical old established embankment is a substantial const ruc- 
tion, to 4 feet high and as much as 10 ft. through at the base, 
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A new embankment requires to be raised about 2 feel at the end 
of the 2nd and 4th years, after which Kahar bunds require 
little attention for some time but Mund bunds, which flatten 
down much more rapidly, require attention every six years 
or so. 

If the monsoon arrives with a big burst of rain, the embank- 
ment is liable to be breached in several places, more especialiv 
in the case of Kahar, which cracks greatly in the hot weather. 
If, however, a few showers precede the arrival of the real 
monsoon, the clay expands, the cracks close up, and there is little 
fear of a breach. Newly made embankments are especially 
liable to burst, and in order to strengthen them the cultivator 
frequently plants the sides with deep-rooted grasses such as 
Dhari ( Saccharum moonja) or Kans (SacclKcmm spontaneura), 
while the tops of the bunds are sown with Til (Semmimjox 
Mung ( Phaseolus miingo), Bandham are of all shapes and sizes, 
some fields may be 50, while others are only 2 or 3 acres in extent. 
The area and shape depend on the contour of the land to a large 
extent, slight irregularities in the general flatness of the plain 
being made use of, and the cultivator, although he possesses no 
instruments, is rarely wrong in his levels. The size and boundary 
lilies of the different holdings also partly account for the irregu- 
larly shaped fields which are sometimes noticed. 

Method of Cultivation. — The wheat stubble is uprooted, 
more or less, by the Dakhar (a kind of harrow) at the end of the 
hot weather, but in some cases even this preliminary cultivation 
is not undertaken. The bunds are raised, strengthened and 
repaired in plenty of time before the expected date of the 
monsoon. If the rains are good, the bunds will fill rapidly in 
August, as by that time the whole of the sub-soil over a large 
area has become thoroughly saturated, practically all the rain- 
fall being held up. Heavy rainfall is required in August and 
September to fill the bunds ; if only light, even though conti- 
nuous, rain falls, the bunds will not fill. All weeds except ham 
are drowned out, but the latter, unless the water is more than 
2 feet deep, flourishes. In August and September it is a common 
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,yht to see the cultivator and his family standing up to their 
knees m the water, pulling up the Kan.-< by its roots, The Kam 
alter being uprooted is tied into bundles and together with welds 
cut from the sides of the buiuls is thrown into the water to rur 
Water remains in the Bandhatifi until the beginning of Octobei’ 
and is then run off. The letting out of the water^’ig a gradual 
process. As ha.s been explained above, the practice of embankim.- 
i.s a very old one in the tract under inference, and the cultivatoi^ 
know by long experience which fields ought to be drained first. 
A narrow cut is made in the wall of the embankment, and the cut 
is deepened by degrees to allow the water to escape gradually 
and to avoid flooding out or .scouring the field below, '’in most 
fields the portions round the .sides, owing to the removal of soil 
for raising the embankment, are lower than the rest of the 
field, and are not sown until some time after, as they remain damii 
much longer. 

Kahar soil require.s very careful treatment for, if not .sown 
at exactly the right time, it sets Imrd and becomes impossible to 
sow. A careful cultivator therefore drains one Kahar field at a 
time and works night and day with all the seed ploughs (Acr/iv) 
he possesses, in order to get hi.s seed in, at the right time. 
Parts of the Jubbulpore Haveli, where Kahar is prevaJeiit, 
present a curiou.s sigJifc at night during the bu.sy .season. The 
Kahar fields are ringed round with darning torche.s h\\ed to the 
ends of long bamboos and placed upright in the soil at regular 
intervals, while the long string of Karis travel in a curved line 
from one end of the field to the other, the tired bullocks being 
urged on by loud shouts from their drivers. 

Muiid does not get out of condition nearl}' so rapidly, and 
the sowing of this class of land proceeds iiiucdi more leisurely. 
In the Narsinghpur district, it is usual (.o give ^[Hn(l soil 
one Bahharing after the water has been drained oil and before 
sowing, but in parts of Jubbulpore this is often dispensed with 
and the Navi is put straight on to tiie land as it becomes 
sufficiently dry after draining otf the water, as it is usually 
absolutely free from weeds. 
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The crops grown are the usual Rabi ones. The favourite 
mixture is Birm (wheat-gram), the percentage of gram rangino- 
from 12|- to 25% according to the class of soil. Pure wheat ix 
hardly ever grown, as the cultivators say that the presence 
of gram keeps up the fertilit}^ of the soil, thus showing a belief 
in the renovating powers of leguminous crops. Other common 
crops are gram (Cicer arietimmi), Mcmtr ( Emini lem) Tejn'a. 

{Lathyrus sativm), while linseed is also cultivated to some 
extent when prices are favourable. Kahar is not supposed to 
be so suitable for wheat as Mxntd, and the percentage of gram 
in tile Btrra is much higher in consequence. Some of the best 
Kahar land is double-cropped. Early coarse Dhan is sown 
broadcast as a catch crop, and is followed by either Birra or 


U'ram. 


The standard outturns for this tract as given by Mr, H. K. 
Crosthwaite, Settlement Officer, in Ills Preliminary Report on tlm 
Jubbulporc Tahsil arc as follows 


The best cultivators 


AVIieat 



... 

... 700 lbs. 

({ram 




... 700 I Us. 



... 


... 700 Ihx. 

Linseed' ... 


... 

... 

... 300 lbs. 

JUlc (uucleaued; 




... 800 lbs. 


aise much bigger cr 


jrups 


ni good years 

than these, however, and I have seen many wheat tields which have 
threshed out at over 1,000 lbs. per acre. 

Conditions Kssenti.il for the Frartivc of this system.— 
Having thus brieiiy described this system of cultivation, it will 
be interesting to note the conditions necessary for its practice. 
The first essential is a level area of heavy clay soil of considerable 
extent. Unless the area is level, the cost of embanking becomes 
relatively too great and the area of the land enclosed, which is 
submerged by water, too small. For this reason this system 
not likely to receive widespread acceptance in the Danioli 
Haveli whicli is somewhat undulating, but where other conditions 
seem favourable. Heavy soils are necessary to hold up the 
water. 
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An analysis of Mund soils from an embanked field near 
Sehora in the Jubbulpore District raad(5 by Mr, F. J, Plymeu, 
Agricultural Chemist, Central Provinces, is given below 


Coarse Sand 




... 018 

... 826 

Fine Sand 




Silt ... ... 



... 

... 1712 

Fine Silt 




... 2-107 

Clay ... ... 


... 

... 

... 33 00 

Loss on ignition ... 




... 6 '30 

Moisture 

... 

... 

... 

... 7 '66 

Calcium Carbonate 




... t)l3 

Soluble ill (iiliUe acid 




... 319 

luo 00 


ft will be noticed thnt clay and silt together comprise nearly 75 / 
of the total contents. 

The area to be embanked should be extensive and compact. 
Ill introducing this system into a new tract, it is seldom much 
use embanking less than about 100 acres in one place, In 
smaller areas, owing to drainage from outside the embanked area, 
the sub-soil will not become properly soaked, and in consequence 
the Bandham will not remain full. This circumstance has been 
a source of much difficulty and disappointment where individual 
landowners or cultivators have attempted to introduce this 
system. The rainfall must also be good and must be characteri.s- 
ed by heavy individual down pours. In both Narsinghpur and 
Jubbulpore, tlic rainfall averages between 50 and G(i iiiche.s as a 
rule, and falls of three or more inches within the -4 hours are 
not uncommon. 


Lastly, a knowledge of the maiiageiiieut aiul construction 
of Bandkan.'^ is necessary, and mutual agreement among the 
cultivators as regards the time and order ot letting out the watei 
from different fields is essential, In the lloshangabad district 
in the year 1002 several blocks of land were embanked by 
Government on this system to act as a demonstration. Ihc 
sites were on the whole well chosen, and local conditions of soil 
Hiid rainfall were good, as the />\( foi/icc ns till every yeai. The 
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people, however, to whom this system is new, do not know how 
to manage these bunds and have no settled agreement regarding 
the order of letting out water, so that the demonstration up to 
the present has been only a qualified success. 

Advantages oj the System . — One of the chief advantages that 
obtains with this system is the protection afforded against failure 
of the late monsoon rains, which are so important in this part 
for rabi sowings. If the rainfall in the early monsoon has been 
heavy, the bunds fill and a moist seed bed is assured. In the 
Jubbulpore district, where the system of embanking is a very 
ancient one, practically all available land is embanked but the 
practice has spread into the neighbouring district of Nar- 
singhpur only within comparatively recent years, and increased 
activity in embanking fields has always been shown during a 
cycle of years in which the late rains have been scant}^ The 
great success of this system in the famine year 1896-1897, when 
a dry September followed a very wet August was especially 
remarkable. Mr. C. A, Clarke when Deputy Commissioner of 
Narsinghpur made an enquiiy into the matter and found that 
from 1866 to 1896 the avei’age rainfall was well over 50", and 
that in only one year (1868) was the fall less than 30." From 
1895-1896 onwards, Imwevei’, the late rainfall was very scanty. 
For seven years in succession no rain fell in October, wherea.s 
before this period any thing from 3 to 8 inches usually fell 
during this month. The acreage recorded as embanked at 
Settlement (1885-1894) was 50,000 acres, and since then this has 
been increased by 35,423 acres or more than 50/.. There is 
little doubt, therefore, that the cultivators regard embanking as 
a species of insurance against failure of the late rains, and con- 
sequently rapid development of this form of improvement took 
place during the cycle of twelve dry years following 1896. 

Another advantage that is claimed for the system is 
that fields so embanked become more fertile than similar 
unembanked land. The fact that weeds, grass, etc., are thrown 
into the water to rot during the rains is stated to be one of the 
causes. It is possible, as some authorities think, that the water 
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i„ the Bandhans possesses more solvent power, uwinu- to the 
presence m solution of carbonic, humic, erenic and idher organic 
acids resulting from the decaying vegetable matter, and thar the 
rate at which phosphorus, potash and other mineral plant food.s 
are liberated fioin the soil may be accelerated. There i.s m- 
proof one way or other as no investigation into the matter ha.s 
yet been made. On the other hand it would seem possible tint 
the water-logging of the soil might tend to inhibit aerobic 
bacterial activity to a great extent. Also the percentacre of 
organic matter in the soil does not seem to be very greatly 
increased. Thus a sample of Ahind soil from an ohl embanked 
held near Sehora in Jubbulpore district was compared with one 
from a field of unembankecl Maryar (a very similar soil) in 
Hoshangabad. Both had been cropped with wheat or limv for 
a large number of years continuously, and neither liad been 
manured so far a.s could be ascertained for a very long time if 
at all. The results were fnl Intro 


ducted by Mr. Flymen : 

— 


o 

Soil. 

Diarict. 

i.Oiti Oil ignition, 


Maryar 

Hoshaiigabarl 



Muncl 1 

Jubbiilpoic 




The moist seed bed, continuous cropping with a leguininou.s 
mixture, and absence of erosion may be .sufticient to account for 
the good results obtained, while the soil, being derived in all 
probability from the mixed geological formations which are 
found in the hills surrounding this tract, is probably in itself 
peculiarly fertile. 

Undoubtedly the greatest advantage accruing from this 
system, however, is in the saving of labour. In the AVestern half 
of Narsinghpur and Hoshangabad, where the wheat soils are 
similar but not embanked ; the wheat grower, in a .«5eason with 
favourable breaks, will give the following cultivation. The 
stubble is Bakhared up during the hot weather, one Bakharing is 
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given after the rains have commenced and is followed by a 
ploughing. During breaks in the rains three or four more 
Bakhariags are given and the field is again Bakhared beture 
sowing. In all one piougliiiig and four or five Bakliarings are 
required. On an embanked field in Jubbulpore, on the other 
hand, the stubble may be Bakhared during the hot weather, liu 
no more cultivation is given, as the water in the fields keeps the 
land free of weeds. 

In Narsinghpur the custom is generally to give one Bakhar- 
iftg after letting out the water and before sowing the seed 
Cultivators in the llaceli tract keep lar (ewer cattle in propor- 
tion to the size of their holdings, than in the unembanked areas; 
indeed instances are not wanting where men in possession of 
quite substantial areas keep no cattle at all, and merely hire them 
for the sowing season. The saving of labour is therefore con- 
siderable and is, I think, one of the chief causes of the popularity 
of this system. 

Ora whacks , — Having enumerated some of the advantages it 
is only right to turn to a consideration of the drawbacks uf 
this system. In years of lieavy late rainfall the Bawdltaim 
do not give such good results as the uuembanked fields. Last 
year ( 19 1 1 - 12 ), for instance, two inches of rain early in November 
delayed sowings very greatly and as a consequence the crops 
were very late. Late crops of wheat in this tract are nearly 
alsvays inferior to early sown wheat, and in addition are more 
liable to the attacks of rust. In the years 1892-95 this disease 
caused o’reat loss and the late sown wheat of the llaveli BundhoM^ 
sufiered most severely. Kust appeared again in lU 11-12 and 
the late sown wheat of the Hareli again sufiered more heavily 
than wheat sown earlier in Tagar land. 

An incidental disadvantage of this system, which has, how- 
ever, been avoided in the more recently embanked area m 
Narsinghpur is the practically complete absence of village roads, 
and consequently of carts, in the Jubbulpore Ilaveh. All 
produce is purchased in the village by travelling dealers and 
conveyed by pack animals on foot-paths along the top ot the 
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bands to the railway. The absence of carts is especially tbit at 
harvest time as the threshing floors are alwa3^s near the villao-e, 
mid the whole crop has to be brought in tVoin tlie fields uii head 
loads sometimes from a distance of two miles. There is little 
doubt, however, that the advantage.s largely out-balance the draw- 
backs, and that the embanked field is a inucli more valuable asset 
ti) its owner in these parts tlnin a field not so improved. 
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L\ the literature relating to yield and quality in wheat 
there appears to be a considerable confusion of ideas. As this 
is likely to stand in the way of progress, an attempt has been 
made in this paper to define the position in so far as it applies to 
India. There is a general opinion that in some manner yield 
and quality are antagonistic and that high yielding wheats are 
always of poor quality. On the other hand, if quality is aimed 
at, then the yields are necessarily poor. At a recent discussion 
on the improvement of English wheat at the Farmers Club in 
London these erroneous ideas were advocated by Percival,^' who 
maintained that, under English conditions, yield and qualih 
cannot be eomblued. 

The results of our experiments indicate that there is a 
definite connection between yield and quality. These experiments 


* Journal of the FarmccH' Cl id, 1912, p. 80, 
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call best be understood and their significance realised if the two 
aspects of the whole question are separately considered. In tlit 
Hrst place, the experimental evidence on the pos.sibilitv of 
combining high yield and high quality in the same wheat must 
|,e considered. The second point relates to the conditions under 
which, in any particular wheat, the best quality can he 
obtained. 

The first aspect relates to the conibinatioii of yield and 
(juality in the same wheat. On this subject there is a consider- 
able volume of Indian evidence. At Pusa several new hybrid 
wheats with high grain qualities, raised from Muzaftarnagar,'have 
for several years given higher yields than either parent."’ These 
are Pusa 100, JOl and 106, which were tested by Mr. 
Humphries in 1910 and found to behave like Manitoban good 
grade wheats produced in a dry season.'' Several other wheats 
from the same cross, which have not yet received numbers, o’ave 
equally good results in 1912. In the trials of the strong wheats 
in 1911, Pusa 12 at most stations gave a higher yield than 
Muzaffarnagar, a result which is almost always the case wlieii the 
two wheats are grown side by side at Pusa. In the case of gram 
(Cicer arietiimm, L.) at Pusa, where many pure lines have been 
grown, the line with the highest quality is by far the highest 
yielder. Experience shows that there Is no Inherent antagonism 
between yield and quality, and that both are possible in the same 
wheat. 

Considerable attention has been paid at Pusa and afterwards 
at Cawnpore to the study of the conditions under which any 
particular wheat gives the best possible sample. As might have 
been expecteefi the best samples were produced when the wheats 
gave the highest yield. The best samples were obtained after 
hot weather cultivation and clean fallowing during the monsoon, 
when the objects aimed at were the absorption of water and its 
retention in the soil and subsoil combined with the destruction of 
all weeds. In this way yields of over 40 bushels to the acre 


* Howard and Howard, BnJl. :i2, Agi'fvuUural JU'ntarrh ^ T.ill,p, 11. 
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have been obtained at Pusa without manure, without rain after 
.sowing and without irrigation. The higher the yield, the finer 
and more uniform the sample has been while the results of the 
milling and bakino: teats have always been moat favourable in 
years of greatest yield. Thus in 1910 at Pusa, when the yields 
were the highest ever reached, the samples were particularly well 
spoken of by Mr. Humphries and gave very good results indeed 
when milled and baked. In 1911, the yields due to very nn- 
hivourable weather wei’e lower, and in that year the samples were 
relatively poorer in appearance and the milling and baking 
results were also to a certain extent adversely affected. In 
the tests of Muzaffarnagar grown at the various stations a 
similar result has been obtained. The Cawnpore and Pusa 
.samples have always done best in the milling and baking 
tests. At these centres this wheat has uniformly given higher 
yields than at the other station.s. There is no doubt, there- 
fore, that in wheat growing the best sample is produced under 
those conditions whicli give the highest yield. This in reality 
clears up the whole matter as will be obvious from the experi- 
ments described below. These relate to hot weather cultiva- 
tion and drainage — two important factors in wheat production 
in the alluvium. 


A. I for-wKATiiKn (/[^ltivatiox. 

In previous papers''' attention lias been drawn to the marked 
effect of hot-weather cultivation in tlie production of wheat and 
other crop.s, both Ixharif and rahi^ in the alluvium of the Iiulo- 
Gangetic plain. During the early period of the wheat experi- 
ments at Pusa, when attention was being paid to the best methods 
of growing the crop under Indian conditions, it was decided to try 
the effect of opening up the stubble.s immediately after harvest 


* See Nati.tn\ Feb. 17th, 11)10; MetHoira vf the Ikpi, -I//;'/, hf India {lUdanh-nl 
Serks)^ Vol. 111 . No. I, 11)10. fiml Pam JiuUdht AV. 22, 1911, 
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and so exposing the soil to the hot dry winds whicli prevail at 
this period -of the year. The stubbles were ploughed several 
times and thoroughly opened up resulting in the production of a 
deep dry mulch of fine soil in wliich no growth of weeds was pos- 
sible. This enabled all the early monsoon rains to be absorbed 
and the subsequent procedure consisted in sufficient cultivation 
to keep down weeds and to break up the surface so as to allow ol‘ 
tlie percolation of jnore water into the subsoil. In tliis manner 
sufficient moisture was absorbed for a wheat crop of ovei* forty 
bushels to the acre and the fields rapidly became free of weeds. 
In the lighter lands, the water holding capacity of the soil was 
increased by ploughing in crops of mn {Crotalaria jnncea, L.) 
raised on the early monsoon showers, but this lias not yet been 
found necessary in the heavier lands/- 

The effect of liot weather cultivation and moisture conser- 
vation was then tried at Cawnpore and, as at Pusa, the effect 
was instantaneous. The detailed results are published elsewhere 
and it is sufficient to say that crops of between 25 and 30 mds. 
to the acre of high quality wheat have been produced using half 
the quantity of irrigation water employed by the cultivatoi's in 
the neighbourhood. 

At this point it became desirable to determine the actual 
crop increase resulting from hot weather cultivation. It was 
unfortunate that both at Pusa and at Cawnpore all the land had 
been thoroughly cultivated in the hot season for at least two 
years before the experiment was started and none of the ai-ea 
had been left in its original condition. Cnder these circum- 
stances it was expected that no great differences would he 


* If green with .w/i is attempted on heavy wheat Lands in Biiiai’, in ye.ais 

when these soils are water-logged after the green crop is ploni.d:ed in, the resulting wheat crop i< 
always less than if no manure had been added. The addition of tlie green crop seems (n 
iiecentuate anaerobic fermentation in Itie soil and to reduce the available nitrogen for the 
wheat crop. Fortunately such lieavy soils retain water well and are not in neetl of green 
manure for this purpose. Tiic fact that green iiiauuring tho.so heavy lands for wlieat reduces 
die yield seems to indicate that on rice lands in Bihar green manuring w'itli would increase 
the yield considerably. 
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detected the first year, and that it would take some time for the 
fertility to fall to the ordinary level of that exhibited by the 
cultivators’ fields. 

The experiment at Tusa was commenced after the harvest 
of 1910 and a level plot of typical wheat loam of high moisture 
retaining capacity was selected for the purpose. One-half was 
cultivated during the hot weather, the remainder being left 
untouched till after the beginning of the monsoon. Across both 
plots a strip of land was manured just before sowing with Nitrate 
of soda, at the rate of 224 lbs. per acre, and the results are shown 
in the following plan : — 


I’lnnghed aftei’ the beginning Piouglied from the hot season 
of tlic monsoon, onwards. 


37 ‘8'.* : Unmanured. 

35-72 H7 Li'> i Manured with Nitrate of 

I soda at the rate of 22-1 lbs. 
! per aero. 


32 02 


37'89 lJnnianiire<l. 


Tiie uumher? in tlu' tfihle nre Inisliels per acre. 


The figures sb.ow that late ploughing caused a fall in the 
crop of six bushels of wheat to the acre, and that the dressing of 
Nitrate of soda partially made up for the deficiency on the late 
ploughed plot but added nothing to the yield of the early 
ploughed plot. 

The consistency, absolute weight and nitrogen content of 
the samples in this experiment are given in the following table. 
Those manured with Nitrate of soda were darker in tint than the 



held and qcalitv in wheat, 

lOt 

„,her., whll. th»„ from th. l.w ploughed p|o, 

[iiile m colour and not so well grown as the rest . ■' 


Treatment of the 
land. 

ConsisteBoy, 


Weight of 
yOOO grains 
in grammes. 

— ■^= 

Yield 

per acre. 




Nitrogen 

percentage, 



Hard. 

Inter- 

mediate. 

Soft. 

Md.s 

Bu«heb, 

Ploughed early 

S8 

12 

0 

32-29 

2-49 

27 62 

37 89 

Do. + 2 cwt. of ai* 
trate of soda per 
acre, 

88 

12 

0 

1 3148 

2'.57 

27 35 

37 52 

IMoughed late 

T, 

29 

U 

304)1 

2 '28 ; 

caF P, - 

2h;45 

3202 

Do. + 2 cwt. of ni- 
ti-ate of soda per 
acre. 

81 

i 

19 

0 

3111 

2-18 

26 05 

3572 


The standard ruatind consists of 4-0 seers and is equivalent to 82 ‘2 7 lbs. 


In the following year, 191 M2, the experiment was repeated 
on the same plot, but in this case no nitrate of soda was applied. 
There was a distinct difference in vegetative vigour between the 
plots and this is reflected in the yield of grain as will be seen in 
the results obtained. 


1, Early ploughing — 3.5’4I bushels to the acre. 


2. Late ploughing— 22*90 bushels to the acre. 


The (fifference in yield during the past year was twelve 
and a half bushels [>er acre, or about twice that obtained the 
first year of the experiment. The results indicate that the 
effect of hot weather cultivation is cumulative and that the 
effects are not lost for some time. The experiment is being 
continued until the yield of the late ploughed plot becomes 
steady, after which it is proposed to reverse the treatment of the 
two plots. 


10 
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As regards quality, the appearance of the wheat from tlie 
late ploughed plot was distinctly inferior to the other. It was 
paler in colour and not so well grown as that from the early 
ploughed plot. In this case while the plot with the higher 
yield gave the better quality, the fall in yield was greater than 
the difference in quality. This agrees with our experience at 
Pusa in wheat growing that in the case of the same wheat 
any adverse condition always affects yield much more than 
quality. When quality is sensibly lost, it is almost certain that 
the yield is poor.* 


B, Drainage. 

During the progress of the wheat investigations in India 
one important factor in the grow^th of this crop has frequently 
been observed. This is w’aterlogging both previous to and 
during the growth of the crop. If wheat lands in Bihar are 
inundated for any length of time during the monsoon, or if 
portions of the fields are continuously waterlogged for long 
periods, then a sour or semi-marshy condition of the soil results 
which is shown by a yellow crop of poor vegetative vigour and 
low yield. Often the consistency of the resulting sample on 
such areas is affected and a large proportion of mottled and soft 
grains are produced, which spoil the appearance of the sample 
and lower its market value. Similar results are to be seen in canal 
irrigated tracts in low-lying areas of the fields which get too 
much w’ater and in which the soil becomes semi -waterlogged for 
long periods. These effects were distinctly visible in the wheat 
plots at Bankipore and Dumraon in 1911, where wheat followed 


* In connection with these experiments the behaviour of the eontinuons wheat plot at 
Pusa may be of interept. This is a strip of typical wheat land which, for the past five years, 
has been cropped every year with wheat withont manure. In 1911-12, the fifth year of tlie 
experiment, the yield per acre was 36*25 bushels, which is the highest yield of the variety 
(Pusa 22) so far obtained at Pusa. No diminution in vegetative vigour was observed. On the 
contrary, the growth was so great that a large portion of the crop was laid by wind soon after 
coming into ear which circumstance diminished the yield of grain. It will be interesting to 
see for how much longer these yields can be obtained and whether any organic matter besides 
the stubble need be added to the soil. 
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rice. The samples also contained a high percentage of soft and 
spotted grains. Drainage is therefore an important matter in 
^vheat growing in India both as regards yield and quality even 
in areas where the crop is grown without any appreciable rainfall 
during the growth period. The long periods of rainless weather 
in India are apt to distract attention from the necessity of 
drainage. In reality however, in a country where most of the 
rainfall is compressed into three months, the necessity of perfect 
drainage is even greater than in localities where the total precipi- 
tation is more evenly distributed through the year. 

At Pusa, during the wheat growing season 1909-10, which 
was preceded by a heavy monsoon, alternate strips of wheat and 
gram [Cicer arietinum, L.) were sown on a plot of heavy wheat 
land which was imperfectly drained during the monsoon. It 
was observed that while the gram was exceedingly good the 
wheat was poor and stunted with yellowish foliage and exceed- 
ingly small ears. The total crop was only a small fraction 
of that obtained on the rest of the field where the surface 
drainage was sufficient. The markedly different behaviour of a 
cereal and a legume, growing under the same conditions in the 
presence of sufficient soil moisture, suggested that the explana- 
tion of the difference would be found in the nitrogen supply in 
the soil. Accordingly the matter was made the subject of 
an experiment in the following year, 1910-11. 

The monsoon of 1910, although well distributed, Avas small 
in amount and no waterlogging took place as the showers 
were absorbed and practically no Avater drained off the surface. 
In consequence the land had to be artificially Avater-logged, 
and this avhs done during the month of September by pumping 
water from the river on to the area under experiment. The 
land selected for the experiment Avas Avell ploughed in the 
hot-Aveather of 1910 and falloAved till the end of August when 
the central portion was embanked and artificially kept wet during 
the Avhole of September. After drying sufficiently the water- 
logged portion was harroAved and ploughed up and managed in 
the ordinary way till sowing time. Across the middle of the 
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plots a strip was manured with nitrate of soda just before sowi'jg. 
the total amount added being four cwt. to the acre. At first the 
waterlogged area did best due to the abundant moisture, but 
after tillering it rapidly fell behind the areas on either side. The 
nitrated strip in the waterlogged area soon became well marked, 
but was hardly distinguished on the weathered plots on either 
side. The yields obtained are given in the following plan : 

The effect of ivaterlogging loheat land at Pnsa in* 1910 . 

Normal cultivation. Waterlogged during September. Normal cultivation. 



It will be seen that the effect of waterlogging for a month 
was to reduce the yield by about sixteen bushels to the ?tcre 
while the nitrate of soda on this area increased the yield by 
nearly ten bushels. The effect of the manure on the non- 
waterlogged plots, as was expected, was very little. The result;; 
prove that the effect of waterlogging wheat lands in the previous 
monsoon is to interfere with the nitrogen supply of the crop and 
to lower the yield. 

This result is of some general interest in Indian agriculture 
and particularly in those tracts of the plains like Bihar where 
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and wheat are both grown. The low lying areas in these 
tracts, which receive drainage water from the higher lands, are 
generally planted in rice, and these lands are often inundated' and 
always waterlogged for long periods during the growth of the 
nee crop. The rice plant, however, thrives under these conditions 
and is able to take up its supply of nitrogen under waterlogged 
conditions most likely in forms such as ammonia which are not 
suitable for other crops. In wet years like 1909 in Bihar the 
waterlogged and marshy conditions associated with rice culture 
may be said to have spread beyond and above the paddy fields and 
to have affected the wheat lands. This naturally influenced the 
soil processes and consequently the supply of available nitrogen 
for the wheat crop. Gram, however, being able to supply itself 
with nitrogenous food-material, was not affected and could thrive 
where a cereal like wheat to all intents and purposes starved. 

From the economic standpoint the results of this experi- 
ment point to the great importance of drainage in the alluvial 
soils of India and the need of the limitation as it were of rice 
conditions to the areas which produce this crop. Where canals 
are used for watering the wheat crop it is also essential that 
the fields should be level, so that all parts are equally watered. 
Where low areas exist, the surplus irrigation water drains 
into and waterlogs these areas and the result is a small crop 
of poor quality. On the black cotton soils of the Central 
Provinces it is often observed that the low lying areas of the 
wheat fields often yield a larger proportion of spotted and soft 
grains than those parts which lie higher or are better drained. 
This partial waterlogging, which is more frequent in the black 
cotton soils than in the alluvium, is probably one of the 
chief causes of the unevenness in the consistency of the wheat 
often grown in Central India, The greater unevenness of the 
fields in Peninsular India probably follows from the fact that the 
levelling beam (sohaga) does not seem to be in general use in 
these regions. It is most important from the point of view of 
the miller that samples should be uniform in consistency other- 
wise a lower price is obtained for the wheat. The cultivator in 
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growing wheat of mixed consistency loses twice over. In the 
first place the yield is reduced and in the second place the 
quality is aifected. 

These experiments clearly indicate two of the main factors 
in the plains on which optimum yield and quality in wheat 
depend.* If cultivation is inadequate, the yield falls and the 
quality is also affected. Want of drainage lowers the yield, 
affects the consistency and also lowers the quality. As regards 
wheat production it may be said that the best quality is obtained 
when the optimum yield is produced and that in any particular 
wheat the ryot who produces the greatest yield has also secured 
the best quality possible in that wheat. If under these circum- 
stances he grows a wheat in which high yielding power and high 
quality are combined, he is then getting the greatest financial 
return for his labour. 


* Another important factor in \vheat-j,a'owing in the alluvium, in addition to hot.weatber 
cultivation and drainage, may be mentioned, Thia is the treatment of the subsoil after it has 
been compacted by the monsoon rainfall. Experiraenta conducted at Pusa on the last three 
wheat crops, 1909*10 to 1911-12, have clearly indicated the advantage of a deep-plougliin? 
towards the end of the monsoon. This aerates the subsoil, increases the root-range of the wheal 
plant and results in a considerable improvement in the standing power of the crop as well as a 
better filled and more attractive sample. In the crop of 1911-12 the results of late deep-plough- 
ing were particularly well marked. This cultivation must ho\vever be carried out without an 
undue loss of moisture— a matter of some difficulty in certain years with soil-inverting iron 
ploughs. On large estates it is possible that the best results will be obtained by the use of some 
form of sub-soil plough. 




SOME FOES OF THE FARMER IN THE CENTRAL 
PROVINCES AND HOW TO DEAL 
WITH THExM. 


BY 

D. CLOUSTON, M.A , B.sc., 

De'puty Director of Agriculture, SoxUhem Circle, Central Provinces. 


Owing to the very large area which still remains under 
jungle in the Central Provinces there is probably more damage 
done to crops by wild animals in these provinces than in any 
other part of India. Wild pigs abound everywhere and make 
nightly raids on cane, juar, rice and other crops on which they 
feed all night returning to their haunts in the jungle in the 
early morning. One cane-grower lately informed me that his 
field of thick canes of which he had obtained the seed from 
the Department of Agriculture was damaged to the extent of 
Rs. SOO by pig in one night. 

2. The counter measures that one naturally suggests in 
this case are (i) to destroy as many pig as possible, and (ii) to 
protect the fields by fences. But as the pig is a nocturnal feeder 
and lies hidden during the day in the jungle or grass-covered 
wastes which are often many miles distant from the crops on 
which it feeds, to reduce their number to any appreciable extent 
will. 1 believe, take many years. In some districts of the Central 
Provinces cultivators are granted gun licenses on condition that 
they shoot a certain number each year. In the North of the 
Provinces a system of pig hunting with dogs has been organized 
and some thousands have been killed this season in that way. 
In villages in jungly tracts pigs are often caught and killed in 
pits. Otter traps have been tried by the Department of 
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Agriculture and by means of these a few pig have been cauglit; 
but while the number destroyed by these different methods mav 
total to some thousands every year, the number of young pro. 
duced probably amounts to many hundreds of thousands. To 
obtain immediate and effective results in crop protection, there- 
fore, the use of fencing is necessary, by means of which valuable 
crops in pig-infested areas can be saved from their ravages. 
To attempt to grow the thick juicy high quality canes which 
are so toothsome to pig from a porcine point of view would, 
in districts where pig abound, appear to be a hopeless task 
without some such precautions. 

3. The types of fencing used locally for cane fields are all 
more or less inefficient and it is customary therefore to keep also 
a watcher at night in the fenced field. His wild yells in the 
silent watches of the night on the approach of grunters ” are 
generally sufficient to scare them away ; but at times, Homer- 
like, he often nods, and on such occasions the owner finds next 
morning that thousands of his canes have been destroyed and that 
his farming profits have been very materially affected thereby. 

Where wood is plentiful, it is usual to construct a fence of 
thorns or bamboos, but on the efficacy of such a fence one never 
can entirely rely, as both pig and jackal bore their way through it, 

Where jungle is distant a mud wall about 3' in height is 
constructed all round the field ; this is generally effective in 
keeping out pig if kept in a good state of repair ; but jackals do 
not hesitate to jump over a wall of this height. Not only are 
the fences in common use at present inefficient but in the long 
run they are more costly than a 'pucca and permanent fence 
would be. To fence an acre with the branches of thorns or 
garari {Chialanthu^^ collinus) costs about Rs. 12 and lasts for 
one year only. In addition to this the owner has to meet the 
cost of retaining one watcher for 8 months and the practical 
certainty of a certain amount of loss. The cost of patent 
woven wire fencing per acre now under trial is about Rs, 200 
and it should last for at least 20 years. Barbed wire fences are 
quite useless. 




PLATE XXIII. 







farmers’ foes in central provinces. 


141 


4 . As the problem of protecting cane had become a serious 
I had occasion two and a half years ago to suggest to the firm 
ot Messrs. Burn and Company that they might design a strong 
vvoven fencing of the type of wire netting. The firm in reply 
a roll of patent wire fencing known as the Ideal woven fence 
^vi^ich had been sent to them on trial from home. Page’s fence 
^applied by Balmer, Lawrie and Co., is similar in construction to 
Ideal fencing, but the wire is of a lighter kind. Of both these 
mitent fences there are several types varying in height and in 
the size of the mesh. VVe have tried several of these in the 
Central Provinces and have found that a fence about four feet 
hicfh with a mesh 3 inches in depth at the foot, increasing to six 
inches at a height of 2 feet is, if properly fixed, quite efiective in 
keeping out pig. For general purposes type No. 1150 of Ideal 
woven fencing is, as far as I have seen, the most suitable. It is 
supplied in rolls of 220 yards and costs 8(i. per yard run, The 
fence is 50 inches high, and has eleven strands with uprights 
13 inches apart. It is sufficiently strong to keep out cattle, 
sufficiently high to prevent nilgai from jumping it and the mesh 
is sufficiently small to debar pig. If properly stretched, jackals 
cannot get through it without considerable difficulty. 

Patent woven fencing is being successfully used as a deer 
fence for a park in the Maharajbag gardens in Nagpur in whicli 
nilgai^ s^anihaT^ antelope and cheetal are kept. 

The chief points to be attended to in constructing a fence of 
this kind are (f) to see that the lower edge is two or three inches 
below the surface of the ground, {ii) that there is no space left 
between the lower edge of the fence and the ground, e.^., at nala 
crossings, and {iii) that the wii'e is properly stretched. Nos. (u) 
and {Hi) are obvious points, but in the case of fences erected on 
our experimental farms I have noticed that the stall seem at first 
incapable of grasping their importance, and almost invariably 
leave an entrance somewhere. They only learn by sad experience 
that the habit of the pig on approaching a fenced field is to run 
along the wire in search of an opening. On several occasions pigs 
have got into our fenced areas by such openings, and their 
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destruction when inside has given a considerable amount of sport. 
A large boar, which recently entered, by a nala^ the cane area 
fenced with Ideal woven fencing on the Raipur Farm, after 
having made many attempts to find an exit, charged and knocked 
down several coolies and one of the farm staff’, and died inside the 
fence fighting to the last. 

No. 1150 Patent Woven fencing described above costs 8 
annas per yard exclusive of posts. In jungly districts where it is 
most required wood can be obtained at low rates and the cost of 
this patent fencing with wooden posts is approximately the some 
as that of an ordinary wire fence with iron standards. So as to 
obviate the necessity of having to renew these wooden posts after 
a period of years it will be found advisable to plant, between each 
pair, a cutting of salai [BoHivelUa serrata) or some other species 
which can be reproduced from cuttings. In two or three j^ears 
these salai trees will serve the purpose of permanent posts. 
This method of fixing the wire is now being tried by the De- 
partment and will, I believe, prove satisfactory. 

Semi- wild cattle, though of limited numbers and local 
occurrence, do an enormous amount of damage to crops in the 
vicinity of the jungles in which they live. The cattle live in 
herds of from 30 to 70 and there are few districts in the Central 
Provinces without one or two such herds. By day they are to 
be found resting in the jungle from which they pay nightly 
visits to the nearest cropped fields. These herds are no doubt 
the descendants of strays or of animals set loose as an act of 
religious merit by Hindus. They are generally in prime 
condition ; are much more alert than domesticated cattle, and 
are often very furious when irritated. 

To destroy these animals would offend the religious pre 
judices of the Hindus ; to construct a fencing that Avill keep 
them out of a field is too expensive to be a practical proposition. 
The only feasible remedy left, therefore, is to capture them. 
Three methods of accomplishing this have been tried in these 
Provinces. The first was to entice these animals into a large 
kheddah strongly fenced with fencing of 8 barbed wires on 
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posts 4 feet apart, each supported by a stay to give it strength 
The fence was interlaced, moreover, with thorny babul branches 
and a trench 3 feet wide and 3 feet deep was dug to prevent the 
cattle when inside from rushing it. The cattle were enticed inside 
by juar stalks placed inside. Trails of juav, salt and cotton seed 
leading up to the entrance were also put down. The area of 3 
acres inside the khsddah proved much too large and wreat diffi- 
culty was experienoedin approaching the enclosed cattle^sufficient- 
ly near to lasso them. To throw the lasso for any considerable 
distance with effect was impossible owing to the number of 
obstructions in the form of trees. Moreover, when once en- 
closed, these cattle become dangerous and a man can only 
approach them in safety by taking shelter in a heavy cart with 
a hood. This was done and the lasso was thrown from the end 
of a long bamboo. Even after taking these precautions this 
method involves much danger for the lasso thrower who is not 
constantly on his guard. To manipulate the bamboo properly 
he has to come out of the cart and is liable to be oharcred at 
any time. While carrying out this operation for the first time 
two men were injured by an infuriated bull which charged and 
gored them. Over 30 animals were captured last hot weather 
in a hhtddcih of this kind, but we do not recommend it as the 
most suitable. 

The second method that has been tried was to drive the 
cattle into nets placed in the more open part of the jungle. But 
this, too, was rather unsuccessful. The excessive e.xertioii entail- 
ed on the animals in their eftorts to escape resulted in the death 
of most of them from abortion in the case of cows in calf, and 
from what appeared to be congestion of the lungs in tlie case of 
other animals, 

The third and most successful of the methods tried was to 
construct a very small Mecfcfrt/i 40 feet square, of strong wooden 
posts 3 feet apart and 7 feet high, with cross pieces 1 foot apart. 
To give this fence additional strength a strong stay was put in 
behind each post. The cattle are allured inside as described in 
the case of the previous method and the gate is then quietly 
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closed by the watchmen in charge. They are then lassoed one 
by one by men who have taken up their positions in trees 
overhead. Fifteen were captured in this way recently without 
much trouble. Plate XXIV shows how this was accomplished. 
This method is easily the cheapest and most expeditious that lias 
yet been tried and will be adopted in capturing other herds that 
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CONVOLUTED TUBE WELLS FOR IRRIGATION 


BY 

T. A. MILLER BROWNLIE, c.e., 

Engineer^ Amritiar Municipahty, 

Considerable difficulty is experienced in many parts of the 
country in obtaining a sufficient supply of water from wells for 
the n'ecessary irrigation of the fields in their immediate vicinity. 

jVIost people are aware that only a limited (Quantity of 
water can be taken from any well ; this limited quantity, which 
is the safe yield of the well, represents a maximum velocity 
of water passing through the subsoil (sand, gravel, etc.) which 
forms the well floor, without disturbing the arrangement of the 
finest particles forming the flooring. 

The velocity at which this disturbance commences is known 
as the “ critical velocity ’’ and this varies with different qualities 
of subsoil. For instance in a well sunk in gravel, the water 
passes through this material at a comparatively high velocity 
before the smallest pebbles are displaced, whereas, in a well sunk 
in sand, the critical velocity is much lower, the finest particles 
of that material being more readily displaced than small pebbles. 

Water may be withdrawn from any well for an indefinite 
period without damage to the well, provided the critical velocity 
is not exceeded, but, if the rate of withdrawal of the water 
exceeds the critical velocity, the eftect is as follows : the finest 
particles of sand at, and near the surface of the floor of the well 
are the first to be displaced, these will be in partial or full suspen- 
sion, according to the velocity of the water ; fine particles from 
the layer below the surface will travel upwards to replace the 
voids left by the particles from the surface layer, and these in 
turn will be carried into the well. This action extends below the 
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level of the bottom of the walls or curb of the well and also 
extends laterally; the fine particles flow in from under the 
walls, the density of the subsoil is being altered, the spaces 
between the particles of sand increased. 

The disturbance of the subsoil is within a roughly shaped 
plano-convex figure, on the plane surface of which the well rests, 
and the superficial area of the whole figure (excluding the well 
area) is such, that the water passes through this surface at the 
critical velocity for the subsoil. 

What then is the result of exceeding the critical velocity of 
a well ? (a) The finest material is washed into the well and forms 
a new floor in the well above the level of the old floor, i,e,, silting 
occurs, {h) The subsoil under the well is loosened and the well 
tends to sink and is liable to collapse. 

The principle of exceeding the critical velocity in wells is 
adopted for sinking wells for foundation work, powerful pumps 
being used to pump out the sand, gravel, etc., which flow into the 
well, thus loosening the foundation, into which the well sinks by 
gravity. 

Various expedients have been tried in order to increase the 
yield of wells beyond tlieir critical velocities, one of these is to 
fill in the floor of the well to a certain depth with gravel of 
'various sizes, arranged somewhat in the manner of a percolation 
filter, but in reverse order, this has nob proved satisfactory as 
after a short time the wells again become silted, by sand etc., being 
carried up through the interstices of the stones. Exactly the 
same feature is observed in ordinary water filters when worked too 
rapidly. Where sand of varying grades of coarseness forms the 
floor surface of wells it has been found that the fine particles are 
disturbed at velocities of 2| feet to 3 feet per hour, i.e.y the 
critical velocity. 

Another method is to cover the floor of the well with a fine 
straining material, and this also has proved unsatissfactory on 
account of the finest particles of the subsoil being washed through 
the strainer and silting on its upper surface, while at the same 
time the coarser particles pack on the under side of the strainer 
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(hereby reducing the flow until the yield ultimately falls a^ain to 
the critical velocity. ® 

Experiments on the yield of ordinary wells have been 
carried out for over 30 years by various engi!ieers in many parts 
of the world, and the conclusions drawn from these are, that 
ifc i> unsafe to withdraw water for any length of time, at a rate 
exceeding the critical velocity of the subsoil of the well Tbe 
critical velocity in sand of varying degrees of fineness has been 
found to be between 2|- and 3 feet per hour, and even in coarse 
sand of fairly uniform grain, only a very slight increase in this 
critical velocity has been observed. The critical velocity in 
various qualities of sand being witliin comparatively narrow 
limits and loading and screening of the floors of the wells having 
little effect on their velocity ; the question arose, why is it 
possible to extract a much larger quanlity of water per unit 
time, area, From the Abj^ssinlan and American forms of tube 
wells, than from ordinary wells in the same subsoil. 

The writer has been investigating this subject for twelve 
years, and experiments carried out with tube wells of various 
forms in several conditions of subsoil, natural and artificial 
have resulted in the conclusion that water may be withdrawn 
constantly from these tubes at a rate which represents a velocity 
through the water way area of the strainer of forty to sixty 
times the critical velocity of the subsoil. That is to say, if an 
ordinary well with floor area of one unit discharges one unit of 
water per minute under a liead of six feet without exceeding its 
critical velocity, or say half a unit of water per minute wlien 
under a head of four feet, then a tube well in the same soil and 
having a straining waterway area of one unit, will deliver 
when under the same head of six feet, from forty to sixty units 
of water per minute, or from twenty to tliirty units per minute 
when under a head of four feet. 

For purposes of illustrating the reasons for this, the 
Abyssinian tube wmll may be taken. This consists of about 20 
teet of pipe say 1 4 inches diameter; one end of this pipe is 
perforated, for a length of a few’ feet, with a number of small 
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holes about 3/8 inch diameter ; over this perforated portion of 
pipe a straining material, usually fine wire gauze, is secuied 



Abyesinian Tube 

A— “carity" consisfitij 
of coarse particles 
of sand surroundei 
by C— un a It e rf .1 
sand. 


and over the gauze, in order to protect it from damage, a piece 
of perforated sheet metal is secured, The perfoiiated end of the 


CONVOLUTED TUBE 


WELLS. 


*- "T t/ 

pipe Is closed, and provided with a metal point f,.,. n ■ ■ • 

Th, 

„„„ the gteund, le.ving only ' 

. tand p«mp,s.tt.ehed to th. portio,, „f „i,„ , 

.round. Thin f,„,. of tube ,e „f o„„„o ' 

hfre, when the water lh™l i. »boul eighteen feet „ 

On working the pump, a mixture of sand and water i 
discharged and pumping is continued until the svater com 
away free from sand, and thereafter a constant supplv of dear 
water may be obtained. ^ 

Now what has happened round the strainer or perforaterl 
portion of the tube is that the fine particles of sand have heen 
washed through the straining material into the tube anil 
the tube being of small bore in comparison to the fpiaiUitv 
of water passing through it, the velocity up the tube to the 
pump is sufficient to carry the sand with it. keepin-r the 
inside of the tube and strainer free from silting. The .subsoil 
surrounding the strainer portion of the tube has become freed 
01 Its finer partiele.s, and therefore has a higher porositv than 
the undisturbed subsoil ; this freeing of the subsoil surroundimf 
the .strainer takes place within a pear .shaped figure, the strainer 
tube being the axis ; the surface area of the figure' i.« such tliat 
the water passing through this .surface has a velocity not exceed- 
nig the critical velocity for the subsoil. Therefore siirround- 
nig the .strainer we have what is usuallv called the “cavity’' 
which is only a cavity in the .sen.se that it is freed from the 
smaller particles of sand and contains the coarser material 

loo.sely packed. The writer’s experiments have shown that this 

eoar.se material arrange.s itself around the strainer according to 
size of gram, the largest being next to the strainer, theiUhe 
second largest and so on to what might be called the critical 

'elocity limit, where the disturbed merges into the undisturbed 
subsoil. 

These Abyssinian tube wells give comparatively small dis- 
charges and owing to their construction do not last any great 

1 ] 




convoluted tube wells , - , 

lol 

length of time, but are extremely useful for domestic sunnlie, 
and are inexpensive to repair. The fact that the straining material 
is in contact with the perforated portion of the tube, relices the 
waterway area of the.se perforations by the amount of wire i„ 
contact with the perforations, this represents quite three-fourths 
of the area thus rendered ineffective. 

The convoluted tube well which is designed for large disehnr- 
ges, differs from the many forms of tube wells on tlm market in 
so much that it is the only tube well which ha.s the waterway 
area of the .straining material equal to the waterway area of the 
perforations. The tubes are made from sheet steel, .specially 
shaped to obtain this re, suit, uhich prevents any change of veloc- 
ity between the straining material and the body of the tube and 
thereby reduces friction and loss of bead to a minimum. 

The straining material is compo.sed of heavy copper wire,s 
lying parallel, and woven with copper ribbons : this arrangement 
forms a substantial and lasting material combined with a maximum 
of fine slots for the percolation of water. 

Convoluted tube wells are manufactured in various .sizes for 
discharges ranging from 5,000 to 45,000 gallons per hour. 

The method of sinking and working these tube wells is as 
follows If the tube is required to augment the supply of water 
to an existing well and the desired quantity of water from the 
tube well has been decided upon, a tube well estimated to yield 
the nearest quantity above the required amount should be select- 
ed. Now assume that the tube selected is 40 feet in length, then 
a bore tube of a few inches larger diameter tlian the diameter of the 
tube well should be sunk in the well to a depth of not less than 
50 feet below the bottom oi tlm ^vell. The tube well is lowered 
into the bore tube, and sufficient plain pipe is added to the tube 
'veil, to bring the upper end of the plain pipe not less than seven 
feet below the normal spring level in the well : the bore tube may 
now be withdrawn and the tube well is ready for use. So long 
the water in the ^vell is not lowered more than would exceed 
ffie critical velocity for the material forming the well floor, 
there is no need to cement or otherwise seal the well lloor, 
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the tube well will yield its supply in addition to the yield of the 
well. 

In cases where the yield of the well is small, due to a small 
well, to the floor of the well being in a bad water-bearing 
stratum, or to other causes, it is advisable to seal the well 
floor with cement concrete, the water level in the well may then, 
if desired, be reduced below that level which would re pre.se nt 
the critical velocity for the material forming the well floor, 
but, this lowering should not be carried to excess, or in other 
words, very little more water than the amount the tube h 
designed to discharge should ever be pumped from these tube 
wells. Overpumping causes the coarse particles which are too 
large to pass through the straining material, to pack against 
the strainer there '03^ reducing the porosity of the material 
surrounding the strainer and the discharge from the tube well 
is consequently reduced. 

Convoluted tube wells may be sunk direct into the ground 
and worked by attaching the pump to the upper end of the 
plain tube, the plain tube then becomes the suction pipe of the 
pump ; this arrangement is particularly convenient where spring 
level is within the suction action of pumps worked on ground 
level. Considerable care .should be exercised in fixing the pump 
level relativel}^ to water level as various forms of pumps differ 
very considerably in efticiency on different suction lifts : generally 
the suction should be as short as possible. 

In situations where the spring level is at a depth below 
ground surface too great for the suction action of a pump worked 
onground surface, the pump may be placed in a chamber below 
ground level and within convenient suction distance of the reduced 
water level. For this reason it is often convenient to sink these 
tube wells in old wells, which provide space for the pumps or the 
small tubes may then be worked by Persian wheels or chain pujnps. 

Where the water level is very considerably below ground 
level, the Ashley tube well pump should be employed, and in 
order to obtain the full discharge of the tube well the plain tube 
should be of larger diameter than the straining tube. 
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The Ashley pump can be worked wdth safety In this tube 
to depths of several huiidreds of feet below ground surtace. In 
single pumping plants of this type, a water compensating balance 
relieves the weight of the pump rods ; in the duplex sets, 
the rods of one set are balanced by the rods of the other 
.set. 

Tube wells which are worked by the Ashley pump sliould be 
carefully shrouded to prevent powdery .sand from reaching tlm 
valves ; shrouding is an advantage also in very fine sand or othei- 
low porosity subsoil. 

Convoluted tube wells are manufactured for India by the 
Empire Engineering Company, Cawnpore, and are stocked with 
a standard gauge of straining material winch is suitable for most 
places, but, it is advantageous to submit geological sections and 
samples of the strata met with, in order to obtain the tube best 
fitted to the conditions under which it ha.s to work. 

The smallest stock size of convoluted tube well, Si inche.s 
diameter, will generally be found sufficient for increasing the 
water supply in wells in which Pcr.sian Wheels, or other form.s of 
animal power water lifts are employed, These tubes are capable 
of delivering up to 5,000 gallons per hour, cost Rs. 272, and 
can be sunk and made ready for use for a furthei' expenditure of 
roughly Rs. 200/-, or under Rs. 500/- in all. This sum is approxi- 
mately one-eighth of the cost of ordinary wells of equal capacitja 
and ill the larger sizes the difference between the cost of tube 
wells and \vells of equal capacity, is much more marked. 

Well Irrigation in India has varied little in the past and 
this is no doubt largely due to the limited supply oi water which 
can be drawui from any one well. From observatioji made of 
over 40 wells in the Punjab, I liave found tlmt with one pair of 
bullocks working ten to twelve hours per day, the (juantity of 
water lifted is 2,000 gallons per Iiour on 30 feet lift, and 2,500 
gallons per hour on 25 feet lift. With improved cliain pumps 
^5400 gallons per liour can be lifted 30 feet by a pair of bullocks, 
and the rate for these with an attendant averages Re 1/- per 
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The cost of a chain pump or Persian Wheel and bullock 
gear suitable for this work is roughly Ks. 300, a well as built by 
zemindars may be taken at Ks. 1,000/- the total cost of the plant 
being therefore Ks. 1,300. 

The annual maintenance is as follows 


Interest on Rs, 1,300 at 4 

... ID. 

52;. 

Depreciation of well only at 5 % ... 

««♦ y, 

50/- 

Depreciation uf Persian Wheel at 10 

... j, 

30,- 

Pumping cost, bullocks at 1 '■ for 365 tlays 

5) 

365/- 

Total annual coat -- 


407,- 


say Kii. 41/6, • per moutli. 


The quantity of water pumped per mouth is 2,400 galluii^; 
X 12 hours X 30 days = 864,000 gallons at a cost of Ks. 41/6/- or 
1,305 ijalloits for one anna. 

To put down steam or oil plant to pump such a small quautitv 
of water would not be economical, but if a few zemindars com- 
bined and put down a medium sized tube well capable of yieldiiii-- 
say 25,000 gallons per hour for a lift of 30 feet the cost would 
work out as follows : — 

Water Horse Power, x J^eet ^ g.y 

EfHcleiiey taken at 0‘45, the H.P. required = 8’4 
and the nearest size of engine is 9 B. H. P. 

Oil consumption at 0*85 pint per B. H. P. per hour would amount 
^ 11 ’475 gallons, and the cost of 125° kerosiiie oil 
for most places in the Punjab does not exceed 9i annas per 
gallon. 

The daily driving cost is therefore — 



Rs. 

A. 

r. 

Oil consumption U‘475 gallons at Oj annas per gallon 

... 6 

13 

1 

Tjubricating oil 1 pint at Rs. 2 per gallon 

... 0 

4 

0 

Stirting oil | pint at 9^ annas per gallon 

... 0 

1 

3 

Waste and sundries ... 

... 0 

1 

a 

Driver at Rs. 30 per mouth 

... 1 

0 

0 

Total daily driving cost .. 

B 

4 

0 
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Cost of Works. 

Tube well sunk complete ... 

Oil engine and pump 

Engine house, driver’s quarters and godown 
Allow for sundry requirements ... 

Total cost of wutkii 

Annual Maintenance. 

Interest ou Rs. 6,000 at 4 percent, ... 
Depreciation of tube well and engine at 10% 
Depreciation of engine house, etc , at 5 per cent. 
Daily driving cost at 8 4 x 365 


say Es. 3,800 per annum 

Therefore the quantity of water which can be pumped for 
me anna is 1,800 gallons or an increase of practically 40 per 
3ent. 

If the plant is put down in duplicate to allow for stoppages 
for petty repairs, etc., the annual maintenance would then be 
Rs. 4,550 or 1,500 gallons per anna, but with duplicate plant 
installed the engine could be run for longer periods by an 
additional driver, interest and depreciation would remain as 
before and a further reduction in cost ellected. 

This estimate of cost of pumping is higher than the actual 
cost would be, as it covers allowances for wastage, etc. The 
writer has three installations at work and is shortly putting 
down a fourth of 40 B. H. P. These installations are of Gi, 

0 and 32 Brake Horse Power, and are all worked on a less rate 
than estimated above. 

It is essential to select the pump and engine best suited 
to the particular work it has to do, otherwise a considerable drop 
ill efficiency and consequent increase of working cost will result. 

When the larger sizes of tube wells are employed, engines 
consuming crude oil may be employed : this will cause a turther 
'’“ving of 20 per cent. 


Rs. 

1,600 

3.000 

1.000 
400 

6,000 
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lu. 
... 240 
... 460 
... 70 

3,011 

3,781 
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There is not the slightest doubt that by the use of tube 
wells worked with properly selected pumps and oil engines, lift 
irrigation can be effected at a rate very considerably cheaper 
than by any other method at present in use in this country. 

There are already many convoluted tube wells working in 
the Punjab both for public water supplies and for irrigation 
purposes. One case in particular is worth mentioning. A well 
of ten feet diameter was sunk over thirty years ago, with the 
intention of installing a Persian Wheel for irrigation purposes : 
unfortunately the subsoil was a mixture of running sand and 
clay ; a single bullock Persian Wheel dried the well in half 
an hour and recuperation took so long that the Persian Wheel 
was dismantled and the well abandoned after a sum of over 
Rs. 2,500 had beeti spent uii it. The \vriter installed a 3-^ iiieh 
convoluted tube well and now 100 gallons per minute or 6,00ii 
gallons per hour is being drawn from the well for irrigation 
purposes. 





EXPLANATION OF THE DIAGRAM. 


N.., of 

i. lot (each , 
«£'i«junDg 
\ acre). 


Manurb APPURD. 


im 

lyio. 

ion. 

1 

fiastor meal, 15 maunds per Castor raoal, 4 maiinrls 

per ' Ca.stop meal, 4 maun da per 


acre. 

acre. 

acre. 


Nitrate of potash, 40 

lha Nitrate of potash. 40 lbs. 



per acre. 

per acre- 



Superphosphate, 120 

lbs. Superphosphate, concen 



per acre. 

trated, 60 Iba. per acre. 

1 Sulphate of ammonia, 120 




lbs. per acre. 

.} 

Green naanure only, 

not Green manure only 

, . i Green manure only. 


1 dug in, only sickled when 



mature. 




Castor meal, 74, maunds 

per ' Nitrate of potash, 40 lbs. 1 Aniiaal meal, 2 iiiaunds 


acre. 

per acre. 

i per acre. 


i Superphosphate, 120 

lbs. 

4 

Nothing (check plot) 

per acre, 

... j Nothing (check plot) 

Nothing (check plot). 




experiments in manuring on a tea estate 

IN DARJEELING. 

IJY 

CLAUD BALD, 

Managtr, Tukvar (Jo , JaL, Darjcrlitw, 

It is impossible on a hill garden to find a continuous block 
ufland where the quality of the soil is exactly equal over any 
considerable area, as the undulations of the land of uecessih' 
divert some of the best constituents ot the soil into the hollows 
from the ridges, more or less, during heavy rain. 

The block which was selected lor these experiiuents seemed 
to all appearance as nearly equal in quality throughout as it was 
possible to obtain ; and yet the event proved that there was 
some difference in favour of one side. The land was carefully 
measured, and the straight lines of tea bushes made it easy to 
plot off accurately four plots, each measuring half an acre. 
They were numbered from one to four. The land is slightly 
better in the direction of No. 4, which has been kept as the 
check plot. In regard to cultivation, prujiiiig and plucking, all 
the plots have been treated exactly alike ; so that the experiments 
might determine the results of the manuring only. The ex. 
periments were continued for three yeaivs, The diagram apposite 
and its explanation indicate the treatment and the resulting crop 
of tea for each year. The cost of manuring is shown on page 
^60. It will be noted that no farmyard manure has been experi- 
mented with ; the reason being that on the estate no grazing is 
permitted, and there are very few animals kept, hence natura} 
manure is not available in any considerable quantity, and it 
has become necessary to consider whether chemical or artificial 
manures can be applied in such a way as to prove remunerative. 
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Ill the first year the object was to find out whether the 
application of castor meal would give any encouraging result. 
An exceptionally heavy dressing was given to plot No. 1 , while 
half the quantity was given to No. 3, and No. 2 was treated 
with green manure only. The green manure was a crop of 
similar to what is known as “ Mali Kalair The crop for the 
year was largest from No. 4, the untreated plot, indicating that 
the castor meal had practically no efiect upon the outturn, wlhl^ 
the better soil in the direction of No. 4 asserted itself. 

In the second year Nos. 1 and 3 were treated with chemical 
manure, but ivithout nitrogen^ except the small quantity contained 
in the castor meal on No. 1. The nitrogen was purposely omitted, 
as it was feared that this manure would tend to the production of 
rank leaf, making coarse tea. No. 4 was again almost the highest 
in quantity of produce ; but it was beaten by No. 2, which had 
been treated for two years in succession with green manure oiilv. 

In the third year No. 1 was treated with, ^ complete chemka). 
manure, with the addition of a small dressing of castor meal. 
No. 2 again had green manure only ; while No. 3 had an applica- 
tion of animal meal. The niti'ogen applied to No. 1 (in the 
form of anlmonia), sent up the crop from that plot to the highest 
point ; but it was closely followed by No. 2, which made an 
increase on its previous record. The check plot made rather 
less tea than in the previous year. 

Some of the outstanding facts in connection with these 
experiments are the high cost of chemical and artificial inaiiuies 
in a remote district like Darjeeling, and the extreme doubtfulness 
of their economic utility ; also the possibility of using expensive 
manures while accomplishing practically no result, in consequence 
of the manure used not being of a suitable composition : then 
there is the special outstanding fact that while green manuring 
is the cheapest method, it produces remarkably satisfactory 
results. It may be noted that the manures were used in one 
application only, as the nature of the ground was such that it 
was not advisable to dig at all during the rainy season, for (ear 
of losing soil by wash. 
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An important fact in connection with the green inanurincy 
that the crop was not dug into the land in the green state, ""it 
was only siekled when it came to inaturit)^ and left as a mulch 
^pon the ground until the rains were over, when the rotting stulF 

was dug in. At the same time a similar quantity uF ordimirv 

jungle growth was dug into each of the other plots. It is prob- 
able that the rotting leguminous crop contained a larger proportion 
of nitrogen than the rotting jungle ; but in any case it seems 
that the special benefit which accrued to plot No. 2 may be chietly 
attributed to bacterial action on the roots of the leguminous crop. 

The relative amount of crop having been determined as a 
result of the manuring, it remained to be seen whether there 
was any difference in the quality of the Leas produced under the 
different circumstances. This is indeed the most important con- 
sideration of all on a hill garden, where the quality of the tea.s 
must of necessity be the first consideration. With a view to 
determining this a set of samples was carefully prepared froiij 
each plot, and reported upon by an expert. Tiie valuations 
were and Is. per lb. of samples made from 

plots I — 4 respectively on 1 8th September 1911. It lias been 
fell, however, that in order to determine the real relative 
value it is necessary to have a series of samples drawn from the 
plots at stated intervals throughout the manufacturing .season, 
as it is well known that some of the chemicals are so evanescent 
that their effects upon the tea.s may be ^'ery great in the earlier 
part of the season, while other ingredients which only become 
absorbed by the plant after some months may have a very 
different effect upon quality towards the end of the season, 

A digest of the results for the three years in crop and cost 
i« as follows : — 


1909. lUlO. 19J1. Tox.4L. 


Tea per acre iti 
I‘lol No. 1 


No. 2 
No. 3 
No. i 


lbs. 

247 

2;i9 

25S 

275 


lbs. 

lbs. 

lbs. 

205 

;a5 

857 

313 

324 

87(i 

270 

312 

840 

305 

•JbO 

807 
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The cost of treatment works out as follows :~ 


* 

1910. 

1911. 

Total. 

Plot No. 1 •• Rs. 64 0 0 

Rs. 33 6 0 

Rs. 44 9 6 

Rs. 141 1 

No.:2 .J „ 4 9 0 

„ 4 0 0 

„ 4 9 0 

„ 13 1 

„ No. 3 . ,, 32 0 0 

,, No. 4 Ch e c ji 1 

Plot ; no expend!- ; 
tore. ’ 

„ 16 6 0 

„ lo 14 0 : 

„ 64 


The total crop from No. 4 is comparatively high, because it 
stood relatively so high in the first year. Apart from the ques- 
tion of the relative quality of the teas produced, it will be seen 
that the extra crop from No. 3 is not sufficient to pay for the 
treatment which was given to it, while the cost of treatment to 
No. 1 is altogether prohibitive. 

The valuation of the samples places No. 4, the untreated 
plot, much higher than any of the others, while the green 
manured plot comes second, and the plot treated with aniinal 
manure is given a very low place. It may be remarked again, 
however, that the valuations, for the reason above mentioned 
cannot be regarded as final. 



^'l AYS AND MEANS OF INDIAN AGRICULTURAL 
DEVELOPMENT. 

liY 

A. C. DOBBS, H.A., 

Assuianl Co the Agricultural Adviser to the Oovernmtnt of India. 

Those who are engaged in attempting to imprt.ve Indian 
agriculture-to assist the Indian ryot to get a better living 
are constantly being confronted with the difficultie.s due to^his 
immediate poverty and the low economic condition of the country 
generally. Capital in India is scarce and intere.st high, and 
while the price.s of agricultural products are low, the plrapher- 
nalia necessary for any marked improvement of system are 
relatively expensive and their maintenance in good repair is a 
constant drain. 

It must be admitted that as far as the low profits of agri- 
culture in India are due to these causes, the efforts of the Agri- 
cultural Department can do little except assist in creating a 
market in India for implements and manures, and so effect so^mo 
reduction in their cost. The main activities of the Jlepartment 
hitherto have been in this direction and in that of improving and 
standardising seeds and popularising the best existing methods of 
cultivation. But the limit of improvement in these directions is 
a definite one, and the Indian cultivator using the best imple- 
ments and seed on the best system will not be very much better 
off than he is now unless his scope of usefulness can be extended 
as to multiply the produce of his labour manifold. 

The degree to which such extension would have to take 
place in order to place the Indian on a level with the European 
American agriculturist, is perhaps best illustrated by 
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a comparison of the wages of the Agricultural labourer in 
these three countries ; from which it appears that the Engli.-;Ji. 
man is at lea-st four times, and the American eight times as eftec- 
tive as the Indian labourer. 

It is often careles.sly assumed that this varying effectiveness 
is chiefly or even entirely due to racial and climatic differences 
and that little can, therefore, be done in any limited 
time to raise the effectiveness of Indian labour. But a little 
consideration will .show that there is another factor which must 
have, quantitatively, a far greater effect on production than ques- 
tions of race and climate : and that factor is the extent of the 
control of physical energy exercised by the labourer. The main 
sources of such energy are, the food of men and animals, wind, 
falling water, coal and oil : the history of civilisation, from the 
dynamic point of view, is the history of the progressive exten- 
sion of man’,s control from that of the relatively small quantity 
of energy contained in the food he eats to that of the greater, 
but still not— per head of population— very much greater amount 
represented by the present consumption of the fodder of draught 
animals, of coal and oil and of the power derived from waterfall.? 
and the wind. The labourer using his own strength only, however 
ingenious the implement with which he works, controls, though 
perhaps very efficiently, only the energy contained in the food he 
eats —represented approximately by the heat given out by the 
same amount of food if dried and burnt. The driver of a team 
of oxen or horses controls, in addition, the amount of energy con- 
tained in the food of his team ; while the driver of a steam trac- 
tion engine controls, even though with comparatively small 
efficiency, the relatively enormous amount of energy contained 
in the coal burnt. And the results of the labours of the com- 
munities typified by these men, and ultimately the rate of wage-s 
in each, will be correspondingly, though of course not propor- 
tionally, great. One could venture, for instance, to assert with 
some confidence that in different agricultural districts of India, 
the rate of wages would be found to vary generally with the size 
of the bullocks— or rather with the weight of the team- 
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customarily used for draught purposes, and there is no doubt that 
the American farmer can afford to pay his men a wage of a dollar 
a day mainly because of his efficient system of using horses 

This being so, the problem of increasing seriously tlie pros- 
perity of the Indian ryot becomes one either of inereasirify the 
weight of his team of cattle, or of providing him with a^'inorc 
powerful agency for doing his work. Taking the question of 
cattle first, it is clear that the argument so often advanced against 
the introduction of new implements which, though essentially 
more efficient than those now in use, are also heavier to pull- -the 
nrgument that they need a heavier team to pull them, is one that 
really tells in favour of the new introduction ; for in addition to 
the increased efficiency of the implements, they enable the driver 
to find a use for greater cattle power, and so increase his produc- 
tive capacity. It would almost always be pt^ssible for the owner 
of even a small holding so to increase the produce of his land by 
better cultivation or irrigation as to provide the additional amount 
of fodder for larger bullocks if he could not reduce their number. 
But in any case the smallness of existing holdings could nowhere 
prove a permanent bar to economic advance. 

There can be no cavil then at the attempted introduction, in 
any district, of implements which only the heaviest bullocks 
available can draw - provided that the implements are efficient in 
themselves, their size is all to the good and will Increase the 
demand for the larger bullocks required to draw them. 

The use of large numbers of bullocks in one team, as in South 
Africa, is a question almost of a different order, requiring an 
accumulation of capital in the hands of enterprising and 
experienced farmers such as hardly exist in India ; and probably 
also the stimulus of a scanty population. It may even be conceded 
to the pessimists that the preliminary training and management 
of large teams would require more doggedness than a race bred in 
the enervating climate of India could command. 

We are brought then to the question of the possibility of 
'Substituting some more powerful agency for bullocks in Indian 
agriculture. 
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Among animals, experience seems to show that the horse is 
the best, being both stronger and more adaptable than the bullock, 
but the blood temperature of the horse (lOO^F.) is slightly lower 
than that of the bullock (101°-102°F) and, with the thermometer 
in the neighbourhood of blood heat, and a moist atmosphere, any 
such difference must make some difference 'in the cooling capacit.v 
and consequently in the efficiency of the two animals, because an 
animal becomes incapacitated if its temperature rises even a few 
degrees above the normal. It is, therefore, improbable that the 
horse, or any animal witli a lower blood temperature than the 
bullock would prove an efficient substitute under Indian condi- 
tions. 

This difficulty, of the approximation of the atmospheric 
temperature to that of the blood of animals under conditions that 
retard evaporation from the skin and consequent cooling, gives 
quite a special importance to the question of the use of mechanicRl 
means for controlling energy in tropical and subtropical climates. 
The efficiency of a steam or oil-engine is comparatively independ- 
ent of atmospheric conditions, whereas that of an animal, depend- 
ing absolutely on its capacity for immediately getting rid of the 
waste heat generated in the performance of its work, becomes 
rapidl}^ less as the wet bulb thermometer rises. 

It seems then that if the economic efficiency in agriculture 
of the inhabitants of India, and other countries where a consider- 
able proportion of the work has to be done under conditions of 
excessive beat and moisture, is to be raised to anything like that 
of the inhabitant of the temperate zones, it must be by the 
substitution of mechanical for animal agencies' for the bulk of 
the farm work. There is thus every reason to encourage the 
use of engines for such work as cultivation and transport, and 
the question of how they can be generally yit rod need into India 
is one of considerable interest. 

The conditions favourable to the use of ploughing and trac- 
tion engines are, firstly, large areas of open land, secondly, cheap 
fuel, and thirdl}’, capital. All these are alread}^ to be found in 
the Gangetic plain from the United Provinces to Assam, and 
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tliere should be every cluiuce of success (or any landowner in 
that region taking up the problem seriously, particularly in con- 
nection with the growing of sugarcane for which deep cultivation 
i.-i profitable and the area of wliich is usually limited by the avail- 
able labour supply. 

Bat iu many districts the occupation of numerous small 
areas of land by ryots is like.ly to prove a serious obstacle to the 
formation of the large spaces required for mechanical cultivation, 
and in such districts its introduction will have to be left to the 
comparatively slow operation of economic forces, assisted perhaps 
by the spread of the co-operative idea, 

And it is interesting to consider how the present trend of 
the world’s economics is likely to aiYeet this question, Wo have 
daring the last century experienced an enormous expansion of 
the amount of energy a^vailable for man’s use. Immense areas of 
land have been opened up in America, Africa and Australia, 
providing both energy in the shape of supplies of fodder for an 
unprecedented proportion of draught animals for agricultnra] 
work, and a field’ for them to work in. At the same time mech- 
anical science has come into being and immense reserves of fuel 
have supplied the energy for innumerable engines, Tlie big 
waterfalls of the earth have also been harnessed for industrial 
purposes. Thus a new standard of living has been set up among 
the western nations ; everything, including energy itself and the 
means of controlling it, has become easier to get, the machineiq^ of 
production— capital— lias become commoner, and wages are rising 
all round. * ' ^ 

Now alUiough the end of the reserves and supplies of energy 
is not yet in sight, a large proportion of the face of the earth 
has already been exploited, while, comparatively, a small propor 
tion of the populaticfn have as yet grasped the advantage of the 
greater, scope 'thus offered. Only recently comparative freedom 
from universal financial and industrial crises has been guaranteed 
by the placing of the gold supply of the world on a broad indus- 
trial non -speculative basis, and with the growth of capital it 
seems probable that the European nations have now crossed the 
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threshold of an economic expansion which, in bringing the new 
standard of living within reach of all, will rapidly appropriate all 
the visible supplies of energy to their use. The world is in fact 
apparently now coming face to face with an appreciation of avail- 
able energy limited onlj^ by its utility as measured by the results 
it will produce. Food, fodder and fuel are again becoming 
relatively more valuable and will be economised and eked out so 
as to produce the maximum possible result from the minimum 
expenditure of the only thing that is really ever expended— the 
value of which lies in its expenditure— energy. This must, in 
the absence of the discovery of sources of energy of a higher 
order of magnitude than those now known, produce a continual 
appreciation of energy — food, fodder and fuel — in terms of the 
products of its application. Owing to increasing economy the 
same quantity of energy will produce more and exchange for 
more of the durable things typified by gold ; coal mines, oil-wells, 
waterfalls, land, will continually rise in value. 

But this economy will only be effected by more and 
more perfect and elaborate organisation ; energy will only be 
worth more because it is more intelligently and economically 
spent ; as the value of energy rises, so will the value of organ- 
isation and intelligence, the solitary worker with little capital 
will be worse off than before because he will have to pay more 
for the energy he requires and will produce relatively less than 
members of larger and more perfect organisations. The backward 
farmer will go to the wall as his assessment for rent or revenue 
rises, and the small holder will liave every inducement to join a 
larger organisation either by co-operation or by selling his liolding 
and getting employment from others. 

Under such circumstances, it seems probable that bulloclvs 
will ultimately give weiy to engines everywhere in the cultivation 
of the plains of India and that the population will find a use for 
the larger amount of energy they will thus control in elaborating 
agricultural and forest products to a greater and ever greater 
degree. Cotton mills, oil mills, sugar and alcohol factories will 
grow up in the midst of the large spaces from which they will 
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draw their raw material and probably their fuel. If in the process 
the cow gives place to the goat or the sheep, and the ryots’ fields 
dwindle to gardens, is not this prospect better than that of 
congestion in large cities and desertion of the countryside such as 
has been fostered in other countries by the concentration of the 
expenditure of energy in large towns? Thus if the dream that 
many love to indulge in-of the small holder in his separate allot- 
ment, depends for its realisation on a perfection of the means of 
distributmn of energy and its control in relatively small units, 
which will no doubt come in time, but is too remote to be of 
immediate practical concern in a country where fuel is so scarce 
and badly. distributed as in India ; yet in her fertile plains there 
seems to be a prospect of an industrialisation that does not imply 
congestion. 

Meanwhile the immediate requii’ements are capital and the 
engineer ; and those whose efforts are directed towards hastening 
the introduction into the field of Indian agriculture, of these 
indispensable items of equipment, have the satisfaction of feeling 
that they are going with the stream and not too fi\r in advance of 
the main tide. 


;V; ^ 

Since the above was written, the following note issued by the 
]3ombay Government has appeared in the press 

“ For some time past tlie Agricultural Department has been 
investigating the question of introducing mechanical traction 
for ploughing and other operations of cultivation. The question 
is becoming more and more Important owing to the growing 
scarcity of fodder, cattle and labour, besides hand -digging being 
an inefficient means of clearing the soil of weeds. The Bajae 
windlass plough, drawn by bullocks, has now been introduced, and 
there is a rapidl}^ growing demand for its use, but progress is slow 
as it works at a rate of one -fourth acre per day, and, in view of 
the enormous areas of weed-infested lands that require deep 
ploughing, steam traction was absolutely necessary. A scheme 
was accordingly prepared and submitted to the committee of tlie 
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Sir Sassoon David Trust Fund, who provided funds for obtainijig 
a double engine steam ploughing plant. It is expected that this 
plant will plough 8 acres per day, at a cost of rupees seventeen pei 
acre, about half the cost of the Bajac plough. In sugarcane tracts 
the introduction of the steam plough promises excellent results as 
the soil requires deep cultivation during the dry season, an opera« 
tion which under existing conditions puts the cultivator to great 
expense.'* 




PLATE XXV 




THE ALPHONSE MANGO. 


EV 

H, PRAYAG, B Ag., 

Bombay Agricultural DcpartimiL 

The Alphonse (commonly called Apoos) mango is one of the 
most highly prized fruits of India. It has been called by some 
the ‘‘ Prince of Mangoes.’’ Mr. Woodrow in his book on Gardeii- 
in<T in India mentions that it is universally admitted to be the 
finest of all varieties of mango. In the Journal of the Royal 
Horticultural Society, page 755, Vol. 2G (1901-02), Maries 
has made mention of the Alphonse mango and regards it as the 
most delicious fruit and a general favourite. Personally I prefer 
this to all other varieties, as it excels others’ in every respect, 
though to some the taste is not so agreeable as that of the 
Pairi. 

Regarding the origin of the Alphonse, there appears to be 
still a doubt. Maries says that this variety originally came from 
Salem in Madras Presidency and is now generally grown in 
Bombay gardens. But its original home seems to be Goa as the 
name Apoos (a corruption of the Portuguese name Alphonso) 
indicates, whence it must have been spread by man. 

Though it may be supposed to have come originally from 
Goa the Bombay Alphonse is inferior in every respect to the Goa 
Alphonse. The Bombay Alphonse is smaller in size and scarcely 
weighs more than 350 grammes, whereas the Goa Alphonse 
weighs from 375 grammes and upwards, and is more delicious. 
The Goa Alphonse has a left shoulder higher than the right and 
has a slightly perceptible beak, but the Bombay variety is almost 
entirely lacking in the beak. (See P]ate.s XXV and XXVI.) 
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The Goa Alphonse has been said to be the true Alphonse. 
To what circumstances its superior merit is due, whether to any 
peculiarity in the soil or climate, is hardly possible to decide. But 
this excellence in fruits in favoured localities is not confined to 
the mango. It is found in connection with most fruits in many 
parts of India. 

The skin of the Goa Alphonse is greenish yellow with red- 
dish orange on the exposed shoulder. In measurements it i,s 
9 X 6 X 4'5 cm. in the sample that I took. Though to some the 
taste is not superior to that of Pairi, its value is greatly enhanced 
by its keeping quality. A true Alphonse can be preserved for 
at least a fortnight after it is ripe and hence can be safely sent to 
foreign countries when it is unripe but fully developed in size. Its 
cultivation is now extending as it finds a ready market in many 
places. We find this variety the most frequent in almost eveiy 
private gentleman’s garden. 

In the Bombay market, the bigger sorts of true Alphonse 
varieties of Goa are occasionally found, but these are sold very 
dear, sometimes as extra special quality. In favourable seasoiiij 
they are sold from H&. 2-8 to Rs. 3 a dozen ; whereas in 1912 
they were sold at Ks. 6 a dozen. In some parts of Goa, they 
are sold at the rate of 1 1 to 1 4 rupees a hundred, whereas in 
favourable seasons they are sold at Rs. 6 to 9 per 100. The 
price, however, fluctuates, according to the markets and according 
to the seasons of the year. 

Many of the Mankurad varieties of mangoes found in Goa, 
are sold in Bombay as Alphonse. This is a variety nearly allied 
to Alphonse and closely resembles it in all respects except in 
size. It is a smaller fruit like the Bombay Alphonse. (See 
Plate XXVIL) 

Suh-varieties , — There are three sub-varieties of Alphonse, 
viz.^ Gol, Kala and Kagdi Apoos. 

Since 1 could not get the Kagdi Apoos I shall describe here 
the other two varieties. Kala Apoos : — The fruit has the 
flavour of Apoos. A few months old bark of this tree is dark 
in colour. The leaves are also dark green in colour. Owing to 
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these peculiarities, it is named Kala Apoos. The beak is prom- 
inent in this variety. 

Gol Apoos:— It resembles Alphonse in all respects except 
the shape which is round more or less and hence the name (Jol 
Apoos. 

Character inks of the tree a)id leaf, — The leaves ot the 
Alphonse vary very much in size. In a ^ood Alphonse tree, 
the leaves are dark green, with a white midrib. ;Mr. Woodrow 
mentions that among the choice varieties, the leaves of Alphonse 
may be known by the bright red midrib apparent until the leaves 
are nearly ripe, but I have rarely seen this. 

In a collection of trees, it is extremely difficult to distinguish 
the Alphonse trees by the leaves and the nature of the tree 
only. 

The smell of the leaves has been considered by some as one 
of the distinguishing features of identification, but this too 
sometimes fails. The tree is rather stunted and rarely approaches 
graceful symmetry. The tree is not very hardy. 

The tree shown opposite is nearly seven years old. The above 
duscription applies to the Bombay Alphonse, whereas the Goa 
Alphonse trees are free growing and of monstrous size, attaining 
the height of 60 to 80 feet and even more and bearing profusely 
sometimes as many as ten thousand fruits, thus proving what 
a tree can be like, when situated in favourable localities both 
as regards soil and climate. 



MANGO CULTURE IN GOA. 


HV 

55. H, PRAYAt:, H.Ag., 

Bombay Ayvicultural Department. 

Op all the edible fruits that are found in the Bombay 
Presidency, the mango ranks as one of tlie best and sweetest. 
In point of taste and colour, there hardly seems to be any fruit 
that can excel it. It seems, therefore, no exaggeration to say 
that it is the choicest fruit of India. It has been alluded to by 
Lady Brassey as the “ King of Fruits.” Its culture in Goa, the 
reputed home of the grafted mango, cannot fail to be of interest. 

The distinction that Goa has acquired as a mango centre 
is due principally to the large number of excellent varieties 
grown there. There are few parts of the Bombay Presidency 
where the mango grows to such perfection, where it enters more 
widely into commerce and where the whole industry has thriven 
more and has contributed to the welfare of a greater number ut 
jieople than in Goa. It is the heart of this Industry, The 
plantations are located near the creeks and sometimes extend 
into the fertile plains and up the slopes of the hills. Here the 
climate is hot and moist, and as a steamy climate is congenial 
to the growth of mango trees ; they have been found to grow 
to perfection, bearing a luxuriant crop. 

Soils . — In Shivoli, Kanyasu, Parsein, Mapuca and Thorla 
(loa the mangoes are found to grow on two kinds of soil, vn.. 
sandy and red lateritc soil. Intermediate stages of these soils 
are also found to grow mangoes ; but the best mangoes are grown 
ill later ite soils and the soil that is not so very useful for tlie 
coconut, is reserved for mangoes. 
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6'((/iit>rt(io(t.-~There k no regular euUivatioii followed 
anywhere in Goa, but huge trees are found to grow indiserim- 
inately mixed with eoeoimt, whieh forms llie princiijal eruii, 
Xlie mangoes are grown from seeds and wlion they atUiii llie 
age of 4 to C years they are grafted by Iho side nietliod of 
which I ^hall (lescnbe hero 

At first a transverse cut 1^" to 2" in length is made in thr 
stock at a distance of 9''’ to I' from the ground, Above this a 
iricingular notch 2" to S" in length is cut <mt. The chief objeel 



Fio, 1. —Method of side 
grafting, showing the 
triangular cut and 
the insertion of 
scion, 


of cutting this notch is to stoj) a small portiuii of the ascending 
sap, in order that it may be absorbed by tlie scion. When a 
triangular cut is thus obtained, a longitudinal incision in the 
middle of the horizontal cut is made and is carried downwards 
very carefully up to the length of 4'" to (’/' according to the 
strength of stock and scion. The bark is then loosened for 
making w^ay for the scion of the desiralile variety. This is 
generally done by means of a small piece ot hard wood cut in 
the form of the scion, ras the instrument is frequently insufficient 
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for raising the bark. Cnre is taken not to bruise the inside? 
wood. The scion is then inserted in the opening made for it aud 
is gently pushed down till its shoulder rests on the top o( the 
stock (Fig. 1). Further treatment is just the same as for 
other kinds of grafting. After two or three months when Hit; 
graft ha.s takeiij the earth is heaped over the grafted portion, 
the head of the stock is topped off aud only the scion is allowed 
to be seen. Watering is given every alternate day, if there be 
no rain and is continued for about 6 to 8 months, till the grail 
becomes sufiiciently established. 

Its advauiages,—T\\\^ method of grafting has advantages 
in the following respects ; — 

(1) It can be used to improve country mango plants 
growing in fields. 

(i^) Since the graft can be made upon a well-established 
country stock, the root system of which is well developed, the 
resulting grafted plant grows to a great size and bears profusely, 
besides lasting for a good number of years. 

(;i) Two or three or even five scions can be placed on out; 
stock, so that if one does not succeed the others may thrive. 

(4) , 'It' can be used on stocks up to 3i to 4 feet in thickness 
provided the bark does not split. 

(5) Two or three scions of different varieties can be inserted, 
so that \ve can get two or three good varieties on one plant, 

(6) If the graft does not take, the original tree does nut 
suffer in any way. 

(7) The percentage of success by this method has been said 
to be greater than by others. 

Conditions necessary for ensuvuKj success : — 

(1) The operator must use stocks which are in the con- 
dition of hush, i.e.y with the sap flowing freely. 

(2) He must choose fresh and one year old scions with 
terminal buds just swelling. The scions should not be shrivelled 
and all unions made should be well fitting. 

To ascertain the right condition of the sap in the stock 
a slit is made in the bark of the stock, at some little distance 
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above the point where the graft is to be plaecd aiul obi^ervatiou 
jnade if it separates very easily from the wood, If it will )iot 
separate, the operation may be postponed. 

(3) When separating the bark from the stock no injury 
should be done to the inside wood. It should never be bruised. 

(4) The stock should not be topped until the graft is finally 

established. 

Mannrijig ^ — Systematic manuring of the mango is nut 
practised. The only manure that is in common use is salt. 
This is applied at the rate of one basketful per tree, wlien the 
tree attains the ago of 3 to 5 years. It is then used once in 
3 years and is applied on the surface before the rains, just near 
the trunks of trees. 

Diseases . — It is subject to all the diseases that are found 
in Poona. Ijoranthus abounds on the trees and no care is taken 
to remove it. “ Black stem” (RhuLodadium vorticohnii), CepJfx.- 
leuros V ire 6ceus SLiid. ‘‘sooty-mould” {CaiJiiodinni sp.) are found. 
Removal of old decaying branches is not done at all and the 
trees are left to the tender mercies of nature. Even with all 
this struggle against diseases, it is surprising to note that the 
trees are very prolific bearers and fetch a considerable price. 

Varieties . — The numerous varieties that are found here vary 
ill quality, flavour, juiciness, and succulence of the pulp, size 
and shape of the fruit, etc. Some have a very pleasant and 
piquant taste, vhile others are delicious with a slight turpentiny 
flavour and stringiness. The quality largely depends on the 
proportionate size of the stone to the amount of pulp, on the 
absence of fibre and on the taste and lasting quality of the fruit. 

For convenience sake I shall describe here only four select 
varieties, dealing with others in a separate paper. These are— 

Goa Apoos, Mankurad, Fcrnandin and Maldez. 

Size and weights are averaged from two typical fruits in 
each case. 

Goa . 4 j;o 08 .— Weight 385 grammes; size 10-9 x8‘5x 6*5 
cins. General appearance — greenish yellow with small glands 
on the surface, beak very scarcely perceptible ; left shoulder 
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higher than the right. Pulp and taste — yellowish, very sweet 
and piquant; uo fibre— an excellent and much appreciated fruit. 
{Fig. 2, Plate XXVII.) 

Mankxivad: — Weight 226 grammes ; size 8*6 x 6*5 x 5*2 cin^::, 
General appearance— left shoulder very slightly higher than 
the right ; thin skin firmly attached to the flesh ; beak absent. 
Pulp and taste— yellowish, very Imscious ; no fibres. (Pig. 3 ^ 
Plate XXVII.) 

Fcrnwidin : — Weight 334 grammes ; size 10*2 x 6*5 x 5*2 eiiiij. 
General appearance — fruit longer than broad ; small glands 
present ; surface rough and warty ; slight prominence below left 
shoulder, bright red on exposed side and yellowish-green on the 
nou-exposed side ; thick skin closely attached to flesh. Pulp 
and taste — bright yellow, thick, very luscious, a very superior 
sort. (See Plate XXVIL) 

Maldez (Pokal) : — Weight 256 grammes ; size 107x6x5*2 
cms. General appearance — greenish yellow, tinged with brighi 
red on exposed shoulder ; very slightly inverted beak. 

Pulp and taste — orange red, sweet, distinct and agreeable 
flavour, slightly fibrous. (See Plate XXVIL) 

Methods of disposal and marketing of fruits : — The growei' 
sells his fruits usually through a broker. The broker acts as an 
agent for both the parties. It is sold by the grove as a whole 
for the season, the purchaser taking all the fruits, or each picking 
is sold separately by ‘hundreds,' a ‘hundred' meaning 130 in some 
parts of Panjim Taluka, whereas in Mapuca Taluka it means lO.h 
In some regions of Mapuca Taluka where the mangoes are finer 
in grade and better for export owing to steamer communication, 
they are sold by true hundreds. Mango-growing for the market 
is a very profitable undertaking in some parts of Goa where they 
are grown as an industry. A considerable number of Apoos and 
Mankurad varieties are sent to Bombay markets through a 
broker— Maldez, Fernandin, Mankurad and Collace varieties are 
sent to the markets of Belgaum, Uharwar and Hubli, when 
steamer communication to Bombay is stopped. 
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III Thorla-Goa a planter, who ha.s a conaiderable ai’ea 
under mango, told me that in the year 1911, three trees 
fetched him in all sixty rupees, each tree bearing from two to 
three thousand fruits, whereas the following year, the same trees 
were sold for Es. 1 5, each bearing nob more than five to eight 
hundred Iruits. 

Suggestions : — Regarding this, I have got very little to say, 
as the trees bear profusely notwithstanding their struggle against 
all the diseases that have crept in. But it is true that very 
little attention is bestowed upon manuring and watering of the 
plants. Pruning of decaying and dead branches and removal of 
liorauthus which is becoming a more serious pest every day, is 
not done at all. If these things are looked to and if systematic 
pruning and manuring of tlie trees is adopted, the trees would 
bear immensely and would greatly benefit the people, who are 
already getting good returns from tlie fruits. 



GROUND-NUT IN GUJERAT. 


BY 

C. V. SANE, B.Ag,, 

Superintendent, Model Farm, Baroda. 

It has been generally supposed that ground-^nut cannot be 
grown as a profitable crop in Gujerat. The knowledge of the 
early exotic ground-nuts, Spanish pea- nut and small Japanese, 
and the results obtained therefrom have, however, considerably 
altered this view and now ground-nut is one of the principal crops, 
recommended by the Agricultural Department to the cultivator. 
These varieties were first tried on the Government Farm at Surat, 
and naturally, therefore, the extension of the crop has taken place 
in S. Gujerat, of which Surat forms the centre. . It must not be 
imagined, however, that the crop is extending by leaps and 
bounds ; but that it is continuously on the increase and gaining 
ground with the cultivators, can be easily seen by the increasing 
amount of seed distributed. The chief limitations to its spread 
are — 

(1) Its liability to damage from crows and jackals, and to 

theft. 

(2) The high cost of its cultivation. 

(3) Scarcity of labour at the time of harvest. 

In the Deccan, in the Satara District, where ground-nut is 
extensively cultivated, this last difficulty is not so much felt in 
the case of the early varieties ; for, being cultivated only 
uplands, they mature at a time when labour is not particularly 
scanty. In the case of harvesting Pondicherry ground-nut, how- 
ever, this difficulty does occur but does not form a complete l>ar to 
its cultivation, because it could be harvested later on by working 
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a heavy four-bulloek harrow. Here, however, from this time 
onwards there is a continuous demand for labour in cuttino' arass 
weeding, harve.sting rice, etc., by the end of whicli time^ Tf the 
crop be left unpicked, the soil gets too hard for working. It 
thus becomes necessary to harvest the crop when the ,soil iT just 
suit^ible for easy uprooting. 

The first difficulty is a real one, but a.s the crop becomes 
more general, losses from these .sources will be considerably 
minimised ; and the crop itself is suifioienlly paying and valuable 
to allow for careful watching. But the tendency now seems to 
be in a different, but well-known direction, nc., toward.s a mixed 
crop, Urid (black gram) is a very favourite mixture on this side 
both with Joivar and in some cases also with cotton. It is an 
easy step for ground-nut to take the place of Urid. Cotton beino- 
a crop of a longer duration than Jowar and of deep feediim 
liabit, a mixed crop of cotton and ground-nut in difierent rows, 
adjusted to leave sufficient space for tbe cotton to spread 
alter uprooting the ground-nut is likely to give tlic best 
results. 

Recently tbe same crop has been tried on a considerable 
scale in the light fiorat soil skirting the river Tapti and the 
crop appeared so luxuriant and vigorous that the cultivation niav 
tend to become a permanent one in such soils. Tlie varieties 
most in request are naturally the small Japanese and the Spanish 
pea-nuts, though here and there demands for big Japanese and 
other late varieties are also made. It is \'ery difficult to decide 
as to wliich is superior between the small Japanese and tlie 
Spanish pea- nuts. Tiie general impression is that the small 
•Ia[)anese yields better, but it does not find a ready sale foi‘ 
consumption owing to its uninviting appearance and oily taste. 
The Spanish pea-nut, on the other liand, is a finely coloured, 
attractive iiut, but gives less outturn. The earliness of these 
types naturally enables them to make a successful stand against a 
comparatively dry season, but it has been observed this year that 
there was no other crop that was so little affected as ground-nut 
hy tlie al)normally wet season and that made so successful a stand 
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against it. This adds one more argument in favour of its culti- 
vation. 

But while such is the state of affairs in S. Gujerat, in 
N. Gujerat ground-nut cultivation is practically unknown, 
owing to a variety of causes, the principal of which is fear of 
white-ants. As in S. Gujerat, ground-nut also displays here the 
characteristic of making a good stand against both dry and wet 
seasons, while as regards white-ants, looking to the outturns of 
both last and this year, given below, it will appear that the loss 
on this account is considerably overrated. 


I. 


' Rilinfall in 
1911-12 

1 14'48 inches. 

I Rainfall in 1912-13 
40*56 inches. 

VaSIETY. I ■ 

! Nuts. 

Nuts, j 

Creepers. 

, - ... 



Ibfl. 

lbs. ' 

11)S. 

Tamhoo , ... j *2,000 

2,050 

0,080 

Senegal . . ., I 1,07:1 

l.SOif 

5,020 

Small .Japanese ... ... 1 1,45:? 

2,880 

8.800 

Spanish pea nut.,. ... 2,800 

2,082 

4,200 


While thus, on the one hand, there is no appreciable damage 
from white- ants, it has also the rare fortune of being safe from 
the attack of Katva.^ (hairy catci’pillars) — a great scourge oi‘ 
most other crops. 


Profit. 

It must be confessed that the cost of cultivation is high, 
the two costly items being harvesting and seed charges. But ti* 
compensate for this, the net profits are also proportionately l)ig. 
as will be seen from the table given below showing this yenrs 
figures of outturn, value and cost. 



GROUND-NUT IN (U'JEKAT. 


Variety. 

1 

1 OUTTc: 
1 ACl 

Nuts. 

RX PER 
RE. 

|creeper>' 
j green. ' 

Value n f 
onlturn.* 

1 

Cost of eiiltiva- 
tion. 

i 

Profit, 


tali',. 

lbs. 

lbs. 

Rs. A. P, 

I!.s. A. P. 

Rs. A. 

1’. 

Tainboo 

2,&36 

1 6.080 

170 8 0 

IK! 0 (J 

(>’ .s 

0 

Senegal 

L860 ! 

i 5,020 

12o S 0 

113 0 0 

12 8 

0 

Early. 







Small Japanese 

, 

3,800 

151 1' U 

SO 15 0 

71 0 

0 

Spanish peanut 

2,032 1 

4,2U0 

133 9 0 

SO 15 J 

52 10 

0 


* The nuts were sold at Rs. 2-?-0 per maunrl of 40 Ih^. and the creeper-^ ;xt one anna per 40 ihs. 


Cultivation. 

The main items of cultivation charges are rough iy given 
below from this year’s cultivation sheet of a varietal test. 


III 


i 

Opkratios. 

Cost, in e;irly 
types per 
!iere, 

' Cn>t in tiile 
i ones, 

1. Preliminai y tillage 

' Rs. A. P. 

7 12 0 

' Rs. A. P. 

I 7 12 (1 

2 , Manure, 20 cartloads 

19 8 0 

19 8 0 

3. Co.st of see<l and sowing 80 lbs. 
of kernels. 

13 3 0 

1.3 3 0 

4, VV^eeding & iuterciilture 

9 5 0 

9 5 0 

5. Harvesting 

31 3 0 

63 4 0 

Total 

80 15 0 

113 0 0 


Cultivation of the crop begins with a ploughing with a B. T. '2 
plough after the previous crop is removed, between December 
and March ; manure is applied at the rate of 20 cartloads per 
acre in May. After the rains begin, the manure is mixed in 
with a plough and seed sown with a three coulteied dtill by 
about the last week of June. About ten days later, a hand 
weeding and hoeing is given and blanks ai'e filled in. Another 
interculture and weeding is given a fortnight later. By the 
beginning of August the crop is once more weeded and intei- 

cultivatecl and hy the middle of August a country plough is 

13 
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worked between the rows to keep the soil loose. With a field in 
good condition, this is the last cultural operation, but one more 
weeding may sometimes be found necessary in September. In 
normaryear.s, the early types ripen four months after planting. 
Owing to wetness of the season, however, this year they were 
harvested by the end of November. The late varieties were 
harvested a fortnight later, but showed no sign of want of water 
and were given none. These had to be hand-dug, an enormoasly 
costly operation, as will be seen from the above table. 

A peculiar feature that is common to both early and late 
varieties is that the creepers do not dry and die down as h 
always the case in the Deccan. Not only this but new pods 
were seen forming even as late as November, so that at whatever 
stage we harvest the crop from October to December, some pods 
will remain immature. A peculiarity of the late types was 
that the pods were mostly formed and found within the depth 
of four inches. It may be due to the fact that these were not 
watered and so the soil, setting hard below, did not allow easy 
penetration for the elaM^ted peduncle, 

Line of Investigation. 

On referring to the cost of cultivation table, it will be seen 
that leaving manure out of consideration, the other tw o costly 
items are sowing and harvesting charges. Even the inanure 
cannot wholly be put to the charges of ground-nut alone. Belov 
are given for comparison results from an unmanured field which 
shew that the crop was a good one under such conditions. 


IV. 


PJIODL'CE. 



VAniETV. 

1 Nnts. 

J N'hluo of 

1 oiitlnni. 
Creep- i 
ors. \ 
j 

Cu^^t of cul- 
tivation. 

IVolit. 

' lbs. 

1 ! 

lbs, j Rs. A. IL 

Rs. A. P. 

Rs. P- 

Spanish pea-nut ... ... 

ijrn i 166 8 0 

54 3 n 

112 0 0 

SraallJapanese ... ... .. ‘ 1,826 

1 

4,113 lU 4 0 

1 

54 3 0 

m 1 0 
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The cost of .nanuring, therefore, .oust be distributed over 
say three yeais, which will then increase the profits by another 
Rs. 10 to Rs 12 in the case of statement II. The^,est wav 
perhaps of applying this manure would bo to -ive it to cotton 
,vith ground-nut and Bajri taken in succes,sive years, inakiim a 
complete three years' rotation of cotton, ground-nut ’and irjn- 

for there is no doubt that good crops of cotton could bo <rrown in’ 
this region. “ 

The cost of seed could be reduced by experimentally testinc. 
how far the seed rate could be reduced with the best economic 
results. In the meanwhile, reserving one’s own seed may con- 
dderably lighten the burden. But what is really burden.some is 
the cost of harvesting, which is so heavy in late varieties as to 
be almost prohibitive. It is probable that irrigation may conduce 
to reducing this somewhat, but whether it would bring it down 
to some reasonable amount can only be decided by experiments. 
Thus anything that will lighten this heavy burden' will pave the 
way for popularizing the crop. Reference has already been 
made aboi e to the fact that at whatever stage between October 
ind December the crop may be harvested, a number of pods will 
dways remain immature. The later they are harvested the 
leavier the charges become, but some more outturn may be 
realized. Early harvesting at a time when the uprooting will 
oriug up most of the pods before the soil is completely dry, will 
■educe the cost, but to some extent the outturn as well," The 
oest time, therefore, for harvesting the crop so as to leave the 
ai'gestnet profits can only be determined by fortnightly trials of 
harvests from October to December. Land commanded by irri- 
gation can be harvested if a watering is given ,so as just to moisten 
the soil. 


CoxcLrsiox. 

It will be seen from the above that there are no obstacles — 
physical, climatic, seasonal, or agronomical to the cultivation of 
this crop, at least in parts where the conditions of soil and season 
like those of Barocla prevail. On the other hand, the crop has 
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yielded an outturn which will leave as good a profit as tobacco, 
the money-making crop of this tract ; white-ants do not appreci- 
ably damage the crop, while it enjoys freedom from the attack of 
Katras, In addition, it opens up a way for sy.steraatic rotation. 
What really matters, and more so in the initial stages when the 
fields will be few and far between is the molestation of the crop 
by birds, beasts and thieves. It is to be hoped, however, that 
as the crop yields large profits, pains will be taken to watch and 
protect it and, as the area will extend, these depredations will be 
less serious. How the cultivators take it, the future will show. 



NATURAL ROOT-GRAFTING. 


BV 


albert HOWARD, m.a., a,r.c.s., f.l.s., 

Imperi d Economic Botanist. 

Thk harmful effect of trees on crops in India is well known 
particularly in harani or dry crop areas where soil moisture is 
a limiting factor in production. Whenever a Held is surrounded 
by trees, the soil moisture in the raU season is notably deficient 
on the boundaries near tlie trees and only gradually increases 
towards the centre of the field. The effect on a crop is very 
soon evident. When tlie defect in moisture is very great, germin- 
ation is affected round the edges of the Held and, even if a few 
weak seedlings are produced, these wither away as tlie season 
progresses. If the soil moisture is more abundant at sowing 
time, germination may be even over the whole of tlie Held, but 
the early promise is seldom or never maintained. Sooner or 
later the crop on the land affected by the tree-roots falls behind 
the rest, and commonly shows a yellowish, starved appearance. 
Such areas always exhibit all the phenomena of premature 
ripening. These are the obvious etiects which result from 
the presence of trees near cultivated land. There can be no 
doubt, however, that the total etiect is much greater than tlie 
observed effect and that larger areas are in reality aHected. In 
all probability there is a gradual transition between the badly 
affected areas and the normal crop, and a good deal ot damage 
occurs which is nut evident to the eye, but which can only be 
detected by accurate weighiiients of the produce on fields in 
which other disturbing factors have been removed. Where 
solitary trees occur in cultivated Helds, similar lesults aie 
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observed. The trees are generally surrounded by a zone of 
weak stunted plants, the effect varying with the season and with 
the kind of tree. The cultivators in the plains of India are 
fully alive to these facts, and clearly recognise the harmful effects 
of trees on their crops and are positive that some trees do more 
damage than others.* 

In the laying botanical area at Pusa, the harmful 

effect of trees on the cultivated land in the neighbourhood had 
to be considered, and great efforts were made to reduce this 
disturbing factor to a minimum. A large number of trees and 
bamboo clumps were removed altogether, while the influence of 
the few remaining was checked by cutting deep trenches every 
year between the trees and the cultivated area. In the case of 
bamboos and several trees this has been very effective, but in 
other' instances cutting the roots has not led to any permanent 
results. In addition, an increased tendency of root encroach- 
ment has been noted since the present system of cultivation has 
been adopted, particularly in the case of the banyan and pi pal. 
The distance to which the roots of the pipal extend is very 
c^reat. At Pusa laro^e roots were discovered under thin patches 

o 

of crop at the following distances from the parent tree— 
183, 194, 206 and 217 feet. 

Root-cutting was followed by negative results in the case 
of three trees — pipal, banyan and teak. In every case, a year 
after the roots had been cut, it was observed that the eftect on 
the plots could still be detected. On carefully opening the old 
trenches in 1912, twelve months after the last root cutting Jt 
was found in the case of the pipal and banyan that the severed 
roots had become connected and that natural repair had taken 


■ There is no doubt some trees appeal to do muoU more harm to crops than otlieis, iU 
least the effect is more evident in certain cases. At Pusa. in addition to bamboos, the tollo'vinr 
trees damage the crops in their neighbourhood to a very marked extent — teak {Tcrfo/ia 
Linn,), tamarind Iiidtca Linn.), pipal rdhjioM Linn.), and banyan 

Be)iij(Ue7i.six Linn.). The subject of the effect of different trees on cultivation is an iiupoitani 
cue in India and needs investigation. The results of such studies should be conaidcred in a i 
future arboricultural schemes. If possible, trees should be selected for avenues in the country 
which, while desir<able as roadside trees, do the least damage to the cultivators’ crops. 
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place. This was accomplished by means of one of the imuierous 
new roots, produced at the cut cud of the root attached to the 
tree, growing across to the severed portion through from two to 
three feet of soil. The cut off portion of the root behaved as a 
cutting and did not die before union took place. Repair was in 
all cases effected by a process of natural grafting between the 
new roots and the completely cut off portions. This took place 
by the growth of the connecting root under the cortex of the 
severed portion when natural grafting occurred followed by a 
rapid thickening of the connection. The distances between the 
cut surface of the original roots varied from 24 to 30 inches 
while the diameter of the new connecting part varied from 
0-8 to I'l inches. This growth in thickness must have taken 
place in less than twelve months as some time must have elapsed 
after cutting before the connection occurred. 

The details of this natural root-grafting are shown in 
Plate XXVIII. Figures 1,2 3 refer to the banyan, while Figures 

4& 5 relate to the pipal tree. In Fig. I a portion of the banyan 
root system is shown. A large root is figured which suddenly 
bends vertically upwards and then divides into two horizontal 
portions both of which w'ere cut when the trench of 1911 was 
made. At A the connection made in 1910 is shown, while at B 
the junction of 1911 can be seen. This case is interesting in view 
of the statements made by the cultivators that in both the banyan 
and pi pal the roots come to the surface to feed at great distances 
from the tree and that the cutting of trenches six feet deep or 
so will not intercept all the roots. This is certainly the case in 
the pi pal where some roots were not met whth till a depth of 
nearly twelve feet w’as reached, while in the banyan, roots have 
been found as low as ten feet in trenches dug well beyond the 
spread of the branches. A section through the point of union in 
the case of the banyan is shown in Fig. 2. The decay at the cut 
end of the severed portion w'as very small and hardly exceeded 
two Inches. The old wood is seen surrounded by a new growth 
of active wood which probably formed after natural grafting was 
completed. In Fig. 3 a case of complete repair is shown and 
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the cut surface of the severed end has been covered in completely 
by new growth. The corresponding details with regard to the 
pipal are shown in Figs. 4 & 5. The method of union in this case 
is the same as before, but more decay took place at the cut end. 
and the grafting process does not appear to be quite so rapid as 
in the case of the banyan. 

Natural grafting was not observed in the case of the sksoo 
ivQQ [Dalhevgia sissoo Roxb.). Here the severed portions died 
and no case of natural union was found. In the case of the 
teak no natural grafting was seen, but in this tree the cutting 
of the roots was not followed by any permanent results in so far 
as the neighbouring crops were concerned. This tree appears 
to dry the soil in its neighbourhood much more than other trees, 
and it may be that the water content of the land is being con. 
tinually lowered in the neighbourhood of the tree even beyond 
the range of the roots. In any case tlie digging of trenches six 
feet or more in depth between a teak tree and cultivated laud 
has no permanent result in arresting the damage done. 

From the point of view of the experiment station worker in 
India the subject of the effect of the growth of trees in the 
neiohbourhood of cultivated land is an important one. This is 
paidicularly the ease in the growth of rahi crops in the dry crop 
areas where soil moisture is a limiting factor in production. 
Certain trees appear to do more damage to crops than others— 
at any rate, the effect is more obvious in some cases than in 
others. All trees, however, are probably harmful as their presence 
must result in greater competition for the available supply ol 
soil moisture. Besides the visible effect of the roots on the crop 
it is likely that a wider area is influenced by the roots and that 
the damage is much greater than would appear at firfst sight, 
Again when trees occur between cultivated and uncultivated laiul 
it is probable that root development is stimulated on the side 
towards the crops as here the supply of moisture and food 
material is likely to be greater than in areas under grass, 
variety trials and field experiments where the aim of the 
experimenter is to reduce errors to a minimum, there can be no 
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(loubt that the presence of trees introduces a disturbing factor. 
Until we know with precision the distribution of the root 
c;vstem of different trees and the effect on neighbouring land of 
the local reduction in soil moisture near trees like the teak it is 
impossible to estimate the amount of damage done. The ideal 
experiment station is one without any trees at all, but this is 
difficult to obtain on account of the prejudices often aroused by 
the cutting down of avenues and shade trees. Until the whole 
subject is better understood in India and the methods of conduct- 
\na held trials are examined in detail, all that seems possible is to 
free a portion of an experiment station from trees altogether and 
to restrict critical field trials to this area. This naturally reduces 
the amount of work possible and interferes with the utility of 
the station. 



IN DEFENCE OF THOSE AGRICULTURAL 
SCIENTISTS WHO ARE NO LESS AGRI- 
CULTURAL THAN SCIENTIFIC. 

A REVIEW, 


BY 

A. C. DOBBS, B.A., 

to ihe Agri. Adviser to the Govt of India, 


There has recently fallen into the writer’s hands a copy 
of ‘‘ The Cotton Plant in Egypt — Studies in Physiology and 
Gmetics'' by W. Lawrence Balls, m.a., Botanist to the Depart- 
ment of Agriculture, Egyptian Government (Macmillan's Science 
Monographs). 

This book which, as we learn from the preface, was written 
primarily “ for those few Economic Botanists who are more 
botanical than economic, ” abstracts “ the results of a series of 
researches made upon cotton plants in Egypt, con- 

nected by the desire to knoAv all that could be learnt about the 
plant itself ; ” and if the lay reader is predisposed by this intro- 
duction to look somewhat critically I'or any other motive con- 
necting these researches, and hardly feels disappointed at his 
inability to find any, it may perhaps be ascribed to his sense of 
irritation at the invidious distinction between pure and economic 
botany, implied by the author. 

Possibly no reader of the book, certainly not the layman, 
will question its thoroughly “scientific” character. It is a mass 
of figures, diagrams and curves in which are presented quantita- 
tively in what is, from the mathematical point of view, the most 
concise and intelligible form, the variations in the environment 
of the cotcon plant in Egypt and in its physiological functions: 
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the correlation between the two being worked out in a lars^e 
number of cases after the methods popularised by Gallon and 
Karl Pearson. 

And, withoub the technical knowledge to enable him to 
torin an estimate of the skill and judgment with which these 
methods have been used, the reader is free to admire the 
ingenuity and industry displayed by the author in their appli- 
cation. Indeed, one puts down the book with a feeling that one has 
seen all the most recent machinery of science called in, to collect 
data and construct a series of mathematical formula) which would 
probably, if one ever happened to be in circumstances in which 
they would be of any use, prove quite reliable. 

But at the same time one feels that by the use of a little 
coinmonsense, a little intuition, by taking even a slightly broad- 
er view, one could probably always, and with advantage, avoid 
being reduced to the point of having to use them. Who, for in- 
stance, that has gardened in a hot climate, does not know, by the 
intuition derived from many little unrecorded observations, the 
stunting effect of the afternoon sun in dry weather, shown in 
extreme cases by the flagging of leaves and remedied by judicious 
pruning or shading ; or again the unhealthy appearance of plants 
that are sufi:ering from water-logging either owing to bad drainage 
or heavy and prolonged rain : and why— why is it necessary to 
measure and record, as the author 1ms done, the exact value of the 
factors concerned in any particular case 

If it is really, as the preface implies, only the desire to know 
ail that can be learnt about the plant itself, the book can only 
be regarded as a contribution towards the accumulation of what 
Professor Soddy* calls the mere knowledge . . . ‘’however 
complete and accurate ” which will go to ‘‘ deaden rather than 
develop the intellects ” of future students of Physiology and 
Genetics. 

But if we assume that these investigations are not blind 
alleys, that the author had in view some scientific object for 


^ Matter and Lnoru-y. Williams ami Norgatc, 191 
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the ul til) late attainment of which these — may one say — sordid 
quantitative investigations are essential ; the fact remains that 
the large amount of work here recorded does not appear to be of 
any immediate economic importance. 

Moreover, it may be suggested that even from the scientific 
point of view, the expenditure of time by an official of an Agri- 
cultural Department on such work is a mistake. 

If we cannot quite logically say that science was made for 
man and not man for science, it is at least questionable whetlier 
the soundest view to take of the work of a scientist paid in any 
interests, is not that he should be guided primarily by the 
economic requirements of the interests in which he is paid. We 
know that the rendering to Ciusar of the thing.s which are 
Cyesar’s is not incompatible with the highest of ideals. 

No one will deny that apparently unimportant scientific 
investigations have often led to most important practical results, 
but it is legitimate to assume that, other things being equal, 
such results would have been more systematically of ecoiioinic 
importance if the importance of economics had been kept more 
systematically in view in directing the investigations. 

It is questionable whether the field of so called “pure” 
science sliould not be left to those whose circumstances permit 
them a perfectly free selection of phenomena to investigate. 

For indeed the purity of a science is only the purity of 
motive, choice, and vision of the investigatoi’, and a careful 
estimation of the relative imj)()rtanoe of the diftereni as^^ects of 
the phenomena investigated, from tlic point of view of the 
interests in which the investigation.s are undertaken, is an 
antecedent condition oi' the purity of the scientific work of a 
paid investigator. 

The purity of the science of Astronomy ai'ises, not from 
the filct that its economic application is for tlie most part indirect, 
but because, this being so, its relative simplicity and attractive- 
ness for the human mind have resulted in its beinir studied for its 

o 

own sake apart from any economic considerations ; per contra it 
can only add lo the purity of an economic investigation if it is 
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based oh a primary choice of [)]ienoineH;i of eooiioiuic iiiiportanee 
to investigate. 

From this point of view sucli an investigation of the cotton 
plant in Fgypfc should begin at the diametrically opposite poJe 
iVoin that of “studies in Physiology and Genetics/' The agricul- 
tural conditions should first be studied, from tlie agricultural 
standpoint, with a view to the acquisition of tliat intuitive sym- 
pathy with the plant, that comes from even a comparatively 
short, if detailed, personal acquaiiitauce with the scientific 
of the ordinary agricultural operations of drain- 
ino- cultivation, and irrigation— an intuition which integrates 
in itself the results of numberless observations of the continuous 
interplay of physiological phenomena, in a way diat the merely 
mathematical investigation of isolated factors can never emulate : 
just as the perfectly automatic nature of ibe control of the beat- 
iuo of the heart, sums up phyhjgenetlcally iind better tlian could 
be contrived by any conceivable proficiency in medical science, 
the praciical experience of mens in the regulation of blood circu- 


lation. 

The conditions for tlie production of the optimum agricul- 
tural results having thus been brought within the control of the 
investigator, the isolation, by breeding and selection, of those 
characters of the plant that are directly or indirectly of positive 
economic importance under local conditions becomes a compara- 
tively straightforward, if massive, piece of work— to be followed 
by the synthesis of such useful characters as are not incompatible. 

It is nob implied that tlie work is easy, or tliat there is not 
ample room for the exercise of scientific accuracy in the ].relimin- 
ary observations on the growth, habit, pollination, etc., of the 
plant, but such observations are essentially qualitative and do 
not necessitate exact quantitative estimations of the physiological 
relations between plant and enviroument, an) inoie tlian due 
attention to the points of-«hall wc say-liveliness a.nl ‘ si.in of a 
milch oon^ necessitate a measuvemeut of the length of her paces 

or of the composition, diameter and number per square inch o 

hairs on her' flanks. It is only some of the luo.ie important 
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economic characters of the plant that require exact quantitative 
comparison, and this can be made relatively simple. 

It is a matter for regret that the author should have added 
one more to the list of scientific books that give cause for the 
enemy to blaspheme. May one express a hope that his obviously 
great gifts of intellect and energy may be turned from pedantic 
devotion to a merely mathematical ideal into channels of more 
practical, and therefore from an economic point of view more 
pure, scientific interest. 



NOTES. 


There have recently been conducted at Coimbatore some 
eediog tests to ascertain the benefit to be obtained by cliafHno- 
odder (sorghum straw) as against the common system of cutting 
)r breaking it into lengths of 12 inches to 18 inches. The method 
ulopted was to give the animals their normal concentrated 
ration of l|lb.s. cotton seed and lilbs. of groundnut cake, along 
with a minimum ration of chaff This was then changed to 
chopped fodder, which was gradually reduced until the animals 
just showed signs of losing weight, when the same quantity 
of chaffed straw was substituted. The test was made on six 
animals for the first two months, and four animals for the last 
six weeks. 

The experiment has been a failure, probably from two 
causes. Firstly, it was not possible to arrange uniform work 
for the animals during successive period.s of feeding, as at the 
start of the experiment they were engaged in the heavy work 
of lifting water, while at the end they were doing light carting 
work, Secondly, all the animals showed extraordinary daily 
fluctuations in their weights, amounting at times to more than 
10 per cent. 

The writer would be glad if any of the readers ol this 
(Journal can corroborate these difficulties from their own expe- 
rience or throw any light on the variation which maybe expected 
ill working animals ; most feeding tests are of course concerned 
with fattening animals. In conclusion it may be said that the 
experiment was conducted as accurately as possible in the condi 
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tions obtaining in a well-equipped provincial station. — (R. Cecif, 
Wood). 

A paper in the Joaninl of Agricaltiiral Science, Vo!. lit, Part -i iiv 
Professoi Wood and M. Stratton, of Canihriiige, gives tiie probable error In 
cattle-feeding experiments as 14% of tbe live weight increase for a siinrl^ 
nnimal. Considering the additional difuCuU^' of measuring the amount of 
work done hy working aniiuaU, it is probable that a number of animal? fic 
greater than those mentioned in the above note, would bo needed to vendor 
the results at all signifieant. — Enriou. 


¥ 

if- * 

Thk following extract from a summary in Nature of the 
discussion on animal nutrition at the last meeting of the Briti.sh 
Association, may serve as a warning to any who may tend to 
place too much reliance on chemical analysis of (bod-stufts 
as a guide in the feeding of livestock. Incidentally it also 
affords testimony in favour of Bombay cotton cake as a food- 
stuff : — 

For the past ten years an important series of sheeji and 
cattle feeding experiments has been carried out by Mr. Bruce, 
and the results were very ably summarised by Mr. Watson A 
remarkable feature was the pre-eminent position of linseed cake 
as a food, animals fed ou this always making greater progress 
than those ou other substances. Better results were also obtained 
^Yitl^ Bombay cotton cake than with Egyptian cotton cake, i)i 
spite of their apparent identity on chemical analysis. A mixture 
of wheat, cotton-seed and cotton cake made up to give the same 
analysis as linseed cake proved economically a failure. The 
conclusion is drawn that our present methods of valuing feeding 
stuff’s do not afford particularly useful information. Prof. F, G, 
Hopkins dealt with the discrepancy. Until recently physiol- 
ogists had been content to express diet in terms of energy and 
protein ininimutn, neglecting other factors. It is now known 
that these other factors do matter, and that one cannot group 
together all the constituents either in terms of a starch equiva- 
lent or of any other unit. There are other constituents just as 
important as carbohydrate, protein, or fat, and if these at’e 



notes. 


removed, the diet may lose much of its value nv 

to disease. Dr. Piink gave an actual m pi’edi.spose 

,h.t h. h.. been d„i„f Z S. T 

,f the ao-calle,l vitemine '“l«ion 

* 

The Mamouji System of Field Terrvcivc t: ■ 
is described in Circular No. 94 Bureau nf Pi . t ' , '''' 

U, S. A, [t differs fro™ othe, rtel” 1 

s broad terrace bank of about 15 feot ■ *” having 

»™ strip of grass. The b I s 

,h. rest of the field, and it is claimed that b , “ 

great waste of land and of labour in cultivaf 

«1 has the effect of keeping down and din“ isro S 

damage done by msectaS. 

A convenient way of laying out the fields is described in the 
circular and also a cheap form of level for layintr off the tec 
lineSd The terrace banks are built up by l^ated X^Zl 
round the terrace lines as crowns. A gradient of ^ inch m 14 f S 
hs considered the most suitable for the terrace lines tvhich aie 
luually laid off at intervals of <5 feet of fall i„ the slope of the 

The banks ouce made require little attention. In fields of 

I r/ ^ f u be disregarded, except that all 

dead furrows should be filled up in ploughing across. On ex 

tremely steep land however the ploughing is done in contours- 
(b. Milligan.) 


predirtl!r?''> eminent scientists 

fvoJ ' ^^'trogen famine and the rapid exhaustion of the 

^ y of available nitrogen was a source of great concern. 

1 was not long until it was discovered that atmospheric 
‘trogen could be fixed by means of the electric arc, and thus an 
for store -house was thrown open. Soon the methods 

atifl ^ of atmospheric nitrogen were improved upon 

©apened until it became possible to produce it in large 
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quantities to compete with nitrate of soda and sulphate of ammonia 
Norway leads in the manufacture of this new fertilizer known 
as cyanamide or nitrolim, ai\d if the plans of the Norwegian 
Hydro-electric Nitrogen Co. mature by the close of U)i0 
waterfalls in Norway to the enormous total of 540,045 horse- 
power will be utilized in the manufacture of nitrolim. — (Philippinf^ 
AgrimiUiiral Review^ January, 1913.) 

It has for some time been evident that the supply of 
combined nitrogen is only a question of the energy available for 
effecting the necessary combinations. But that the amount of 
such energy required will always be considerable is shewn by the 
power of nitrogenous explosives. 

The sources of power are being rapidly appropriated as the 
above extract shows, and it is only a question of time when its 
use for increasing the production of food for the general mass of 
humanity will begin to compete with its use for such special 
purposes as, e,g., motoring. 

From this point of view, may not the disproportionate rise 
of food‘prices in India be regarded as the result of a similar 
competition between the relatively specialised activities of the 
West and the massed populations of the East, now brought \n[o 
closer contact by improved communications ? 

When an Industrialised Asia begins to import food, and 
famine ceases to restrict the growth of her populations, Eui’np*^ 
will be faced with a new situation. — (A. 0. Dobbs.) 

^ -¥ 

JOURNWL OF THE MaDRAS AGRICULTURAL StUDENTS’ UxiON.- 

The past students of the old Saidapet College and the past 
and present students of the Agricultural College, Coimbatore, 
have formed a Union under the name of ‘‘Madras Agricultural 
Students’ Union.” Its principal objects are to foster a spirit 
of brotherhood among the students and to exchange ideas, h 
also serves as a bureau for procuring employment as far 
possible for its members. It is two years since it was organised 
and in this short period it has been able to enrol 138 members, 
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When the proposal for the formation of this IT,,:, 
some of the old students su<rcrested 'f V* 

I„M ..hi,,ed by th. issue . |.s,.i„di;,l “SLr‘'' f' 

response to tins suggestion the Union has started 1 ( \ " 
Journal called “The •Journal of the Madra. , 

Students’ Union,” the first number of which is ;otnd‘"'u 
eontams useful .nformatum regarding the College and tl 
Department, and simple articles on ’agricultural 

To afford its .members an opportunity of meeti.n. and 
exchangmg v.eu., the Union holds a gatherh.g everv j-ear in 
July Two such gatherings have been held and h^ve been 
attended by officers of the Agricultural Depa.'t.nent and bv rich 
ze.nmdars. The principal feature of this annual gatherin^'is the 
holding of a Conference on the day of the gatherim. at’ which 
papers on agricultural subjects are read. At the Conference 
held in 1912, .several papers wore read of which those bv 
Dr, C. A. Barber on “Sugarcane Seedling.s in India.” and by 
R, B, J, Dharmaranga Raju on a “ Sugge,stion for accelerating the 
introduction of Agricultural Improvements in the Madm.s p’resi- 
deiiey” have been published in the first number of the Journal 
of the Union. The former has since been published in the 
October (1912) number of tliis Journal. 
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“Soil, Its Treatment and Agricultural Implements.” A 

PAMPHLET IN MaRATHT BT RaO SaHEB G. K. KeLKAR, ASSISTANT 

Professor of Agriculture. Agricultural College, Poona, 

Price As. 8. 

The aim of this Vernacular publication is to place before 
the cultivating classes, especially those of the Deccan, all the 
available information on the subject of improved agricultural 
implements which have been successfully tried on the Farms ol 
the Bombay Presidency. After describing briefly the conditions 
of soil and climate obtainable in the Deccan and the improved 
methods which should he adopted for the preparation of the 
various classes of soil in order to ensure the largest possible 
outturn, the author gives an illustrated description of the various 
implements necessary to bring about the desired improvements. 
The advantages of iron ploughs, harrows, etc., in reducing the 
soil to a fine tilth — a condition which is so necessary for the 
conservation of soil moisture in tracts like the Deccan where 
the rainfall varies from 15 to 30 inches — are fully discussed, and 
every other information about these appliances (such as cost, 
methods of using, etc.) is given. Besides tillage implement?, 
the author also supplies similar information about seed drill?, 
threshers, winnowers, chain pumps, etc., the advantages of which 
have first been ascertained on the Government Farms. In short, 
the pamphlet contains all about useful agricultural implement? 
tried on the Bombay Farms and is likely to serve the purpose 
for which it is written— namely, to spread the knowledge of such 
appliances. 
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A similar publication in English issued by the Mysore 
department of Agriculture has also come to hand.*-(S. D. M.) 


Xakhlistan, Part I. By Abdul Kadar Khan, printed at the 

Union Steam Press, Lahore. Price As. 8, 

This book has been written in Urdu by a resident of Multan 
District, who claims that he has over 18,000 date-plants in his 
own garden, but the reader will be disappointed to find that very 
little has been written from personal experience. 

The bulk of the subject-matter has been taken from different 
English papers, and badly translated. Especially in dealing with 
scientific points the author has himself been confused ; for in- 
stance, under pollination he writes on page 66 : “ In the matter 
of sex the date-palm is quite different from other plants. In 
other plants when flowers are borne one is male and the other is 
female, etc., etc. The general language of the paper also 
requires revision. 

There are 8 chapter.s in the book as follows 

(1) Soil and climate. 

(2) Preparation of land and manure. 

(3) Method of planting, 

(4) Time of selection from the nursery. 

(5) Arrangement of plants. 

(6) Pollination and pruning. 

(7) Nourishment, watching and irrigation, 

(8) Diseases. 

Every chapter contains many useful points, though in some 
cases the information given is misleading. 

At the end the author gives a statement ol the different 
varieties of date-palm with the names of countries in which the} 
are grown, and as is often the case he forgets his own count r} 
and gives no names of any varieties found at Multan and in the 
neighbouring districts.— (A. R K.) 
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The Bulletin of Agricultural Intelligence and Plant' Disease, s 
for Deceinbei, 1912, issued by the International Institute of 
Agriculture, contains under the heading of Edaphism, " an 
abstract of papers by G. Gola of the Botanical Institute of tk 
University of Turin on the relations between the plant and the 
soil, with particular reference to the chemical and physical 
constitution of the soil-water ; and gives, in a very condensed and 
dogmatic form, the conclusions drawn by the author froni his 
researches. xMany of these are of interest from the point of 
view of Indian agriculture, and the following extract is given 
a specimen. 

“ The dvijiyuj up of the sod even at ordinary temperatures 
causes a very con.siderable increase in the amount of soluble 
substances before the advent of rain ; a light rain in such a CH-se 
produces a highly concentrated medium around the roots of 
plants, whilst continued rain causes a much greater impoverish- 
ment of the soil than if the soil were to keep fresh and slighth 
moist. The influence of drought on the increase of soluble 
substances is least in soils very rich in neutial -salts (sodium 
chloride, magnesium sulphate), and much greater in those con- 
taining alkaline substances in a state of complex combination. 
The increase of salinity of the dried soil is due in the first place 
to the dehydration of many compounds of tlie soil itself, and 
also to the ascent by capillarity of the saline solutions existing 
in the lower layers of the soil and which concentrate at the 
surface, causing the formation of crusts and even of efflorescence?. 
This is important because it allows the return to the surface of 
substances which had been dragged by the rain down to the deep 
layers of the soil. In this mobillt}^ of the substances contained 
in the liquids of the soil, the most important part is played b\ 
crystalloids, the least by colloids. Lastly, the superficial drying 
and consequent ascent by capillarity of saline solutions is much 
more marked in averagely porous soils, and its effects being moie 
felt in regions subject to long alternating periods of drought ami 
of rain, it may cause very great oscillations in the concentration 
of the liquids surrounding the roots.'’ 
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other interesting abstracts in this number relate to the 
.. Effects of Continuous Cropping and Rotation on the Racterial 
Elora of the soil” and to the Lateritizatioii of the soil under 
Arid Climates.” 

This useful monthly bulletin has now been issued regularly 
ince November 1910 and the need of an index to facilitate 
Inference is becoming urgent.— (A. C. D.) 




LIST OF AGRICULTURAL PUBLICATIONS IN 
INDIA FROM 1st AUGUST, 1912. 

TO 3Ist JANUARY, 1913. 


Vo, Tit!«. Author. Where pablUhed. 




The Agricultural Journal oj 
India, Vol, VII, Part IV, and 
Vol. VIII, Parti. Price per 
part, R*. 2 ; annual subscrip- 
tion, Rs. 6. 

' Report o£ the Agricultural Re- 
search Institute and College, 
Pusa (including the report of 
the Imperial Cotton Special- 
ist}, for 191 M2. Priceoannas 
; or Id. 

Wheat Experiments on the 
Botanical Area, CavMipore, 
and their bearing on wheat 
cultivation in the United 
Provinces. Bulletin No. 31 
of the Agricultural Research 
Institute, Pusa. Pidce .S annas 
or id. 


4 Agricultural Statistics, Vol. I, 
from 1906-07 to 191(M1- Price 
Rs. 2-8 or 3». 9^- 

Oils and Fats of India, Agricul- 
tural Ledger No- 5 of 191M2. 
Price 8 annas 


Quarterly /oi<r»a/, Vol V, No- 4 
for April, 1912- Pi ice 6 annas. 

Hints on the cultivation and 
caring of tobacco, leaflet 
No. 4 of 1912, of the Depart- 
ment of Agriculture, Bengal. 

Season and Crop Report of 
Bengal for 191 1-12 Price 8 
annas or 9d, 


9 Annual Report of tlie Depart- 
ment of Agriculture, Bengal, 
for the year ending 30th June, 
1912. Price 7 annai. 


Issued from the Agricul- 
tural Research Institute 
& College. Pusa, Bihar. 


Director, Agricultural Re- 
search Institute. Pusa- 


4. Martin Leake, m.a . 
Economic Botanist to 
Government, United 
Provinces, and Rara 
Prasad, Assistant to the 
Economic Botanist. 


Director-General, C o m- 
mercial Intelligence. 


David Hooper. f.< -s., 
F.L.S. 


Issued by the Department 
of Agriculture, Bengal. 

N. C. ( howdhury. Travel- 
ling Inspector. 


Issued by the Department 
of Agriculture. Bengal. 


Ditlo 


Thacker, Spink A Co.. 
Calcutta. 


Govenuueiit Pr i ii t i n ; 
India, Calcutta . 


Ditto. 


Ititto, 


Bengal Secretariat Prev: 
Calcutta. 

Ditto. 


Bengal Secretariat Booh 
Itepot. 

Ditt.o. 
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10 Report on the administiation i Issued by the Department ; Government Press, United 
' of the Department of Apvi- j of Agriculture, United Provinces, Allahabad. 

: culture, United Provinces, for Provinces. 

the year ending SOtli June, 

' 1912. Price 8 annas or 9d. 

1 1 Report on the Aligarh Agri- Ditto. Ditto. 

cultural Station for the year 
I ending 30th June, 1912 

12 I Report on the Partabgarh Agri- Ditto. Ditto. 

cultural Station for the year | 
ending 3l)th June, 1912. j 

13 Report on the Cawnpove Agri- ; Ditto. Ditto. 

cultural Station for the year j 
ending 30th June, 191*2- | 

U Season and Crop Report of the ) Ditto. Ditto. 

United Provinces of Agra and , 

Oudh, for the year 1911-1*2. ’ 

Price 8 annag or 9d. i 

1 

15 Note on Manures in the Punjab ' W. Roberts, B-Sc., Pro- Ditto. 

fessor of Agriculture, 

Agricultural College, 

Lyallpore. 

16 Report on the operations of the ; Issued by the Department Government Press, Lahore 

Department of Agriculture, i of Agriculture, Punjab. 

Punjab, for the year ending ^ 

30th June, 191*2. Price 10 i 
annas or Is. 

17 Season and Crop Report of the Ditto, Ditto, 

Punjab for 19n-12. 

18 Report of the Government Agri- Ditto. Ditto. 

Horticultural Gardens, Pun- 
jab, for 191M2. 

19 Summary of remarks on the Issued from Office of the N-AV. F- Province Govern 

Kharif Crop of the N.-W. Revenue Commissioner, ment Press, Peshawjvr- 

F. P. for 1912, Price Saunas North-West Frontier 

or 6d, Province. 

20 Report on the Season and Crops Ditto. Ditto. 

of the North-West Frontier 
Province for 1911-12. Price 
10 annas or Klrf. 

21 Annual Report of the Depart- Issued by the Department Government Central 

ment of Agriculture, Bombay, of Agriculture, Bombay Press, Bombay, 

for 1911-1*2. Price 12 annas Presidency, 
or Is. 2d. 

22 Season and Crop Report of the ; Ditto. Ditto. 

Bombay Presidency for ; 

1911-12. Price 7 annas or 8rf. j 

2H Annual Report on the Surat ; Ditto. Ditto. 

Agricultural Station for 
1911-12. Price Re. l-O-O or 
U. 6d. 
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Annual Report on tlie Dliaiwar 
Agricultural Station for 
1911-12, Price Re. 1 or U. 

Issued by the Department 
of Agriculture, Bombay 
Presidency. 

Govci iiinent Central Pres. 
Bombay. 

25 

Annual Report on the DhiiUa 
Agricultural Station for 
1911-12. Price 12 annas or 
Is. 2(/. 

Ditto. 

Ditto. 

26 

Annual Report on the Nadiad 
Agricultural Station for 
1911-12, Price 14 annas oi- 
ls. 4rf. 

Ditto, 

Ditto. 

27 

Annual Report on the Dobad 
Agricultural Station for 

1911-12. Price 8 annas or d<l. 

Ditto, 

Ditto. 

28 

Annual Report on the Uokak 
Agricultural Station for 
1911-12. 

Ditto. 

Ditto. 

29 

Annual Report on the Alibag 
Agricultural Station for 

1911-12, Price ID annas or lid. 

Ditto, 

Ditto, 

.30 

Annual Report on the Gadag 
Agricultural Station for 

191 1-12. Price 12 annas or 
Is. 2d. 

Ditto. 

Ditto. 

31 1 

Annual Report on the Mirpur- 
khas Agricultural Station for 
1911-12. Price S annas or 9rf. 

Ditto. 

Ditto. 

32 

Annual Report on theSukkur 
Agricultural Station for 
1911-12. Price 4 annas or 5rf. 

Ditto. 

Ditto. 

33 

, Annual Report on the Manjri 
Agricultural Station for 

1911-12. Price 3 annas or 3cf. 

Ditto. 

Ditto 

3i 

; Annual Report on the Kiikee 
Civil Dairy for 19111*2. 
Price 3 annas or 8(/, 

Ditto. 

Ditto. 

35 

j Annual Report on the Agricul- 
i tur.al College Station for 
1911-12. Price 5 annas or Ckf. 

1 Ditto, 

Ditto. 

■’6 

Annual Report on the Ganesli- 
kliind Botanical Garden for 
1911-12. Price 4 annas or 5d. 

Ditto. 

Ditto. 

37 

Annual Report on the Experi- 
mental work of the Bassein 
Botanical and Agricultural 
Station. Price 3 annas or 'id. 

Ditto. 

Ditto 


Method of improving the quality 
of Cotton Seed, Bulletin No. 53 
of 1912 of the Department of 
Agriculture, Bombay. Price 
7 annas or Sd. 

G. i). Mohta.L.Ag., N.D.A., 
y.D.D., Supernumerary 
Agriculturist and V. G. 
Gokhale, L.Ag. 

Ditto. 
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39 I Scienti6o Report of the Saraal- Issued by the Department Cover nmeut Press Madia 
kota Agi’icultural Station for of Agriculture, Madras. ' 

191142. 


4U Seven ti6c Report of the Naudyal ! 
Agricultural Station for ! 
191M2. 

•U Scientilie Report of the Hagaii ' 
Agricultural Station for 
19IM2. 

Scientific Report of the Palur 
Agricultural Station for 

I91M2. 

^3 Scientific Report of the Koil- 
patU Agricultural Station for 
191M2. ; 

Scientific Report of the Tali- 
paramba Agricultural Station 
for 1911-12. 

+0 Scientific Report of the Coimha 
tore Agricultural Station for 
1911-12. 

16 Annual Report of the Agricul- 
tural Department, Madras, 
for 1911-12 

U What the Ryots have to say h 
about the tingle seedling plant- 
ing of paddy. Leaflet No. 1 of 
1913 of the Department of 
Agriculture, Madras. (In 
English, Tamil, Telugu, 
Malayalum and Canarese.) 


H. C. .Sampson, b. sc., 
F.H.A S., F.B.S.E., Deputy 
Director of Agriculture, 
Madras. 


I Season and Crop Report of the Issued by the Depaitmeut Ditto 

j Madras Presidency. Price 4 of Agriculture, Madras, 
annas or fid, 

R^ort on the working of the j Issued by the Department Central Provinces Sem 


Department of Agriculture, ! 
Central Provinces and Berar, j 
for the year 1911-12. Price 
Re. 1. 

Report on the Agricultural 
Stations in the Central Pro- i 
vinces and Berar for the year 
1911-12. Price Re. 1. 1 

•jl Report on the Management of i 
the Provincial and District ' 
Gardens, Central Provinces I 
and Berar, for the yea rl9lM2 
i Price annas 4. ! 

62 Season and Crop Report of the i 
Central Provinces and Berar 
for the year 1911-12. Price 
8 annas or 9cf. 


of Agriculture, Central 
Provinces and Berar 


tariat Press, Nagpur 
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The Monthly Agricultin*al and 
Co-operative Gazette, August, 
1912 to January 1913, Price 
2 annas per copy. 

Annual Report of the Depart- 
ment of Agriculture, Bihar A 
Orissa, for 1911-12. 

Annual Report of the Bankipur 
Agricultural Rtation for 

1911-12. 

Annual Report of the Diimraon 
Agricultural Station for 

191M2. 

Annual Report of the Cuttack 

Agricultural Station for 

19lM2. 

Monsoon Rainfall Table for 
Bihar and Orissa for 1912. 

Report on the crop cutting esc- 
periments conducted during 
the quinriuenniutn 1907-08 to 
1911-12. 

Season and Crop Report of 
Bihar and Orissa for 1911-12. 
Price 6 annas or fid. 

.\nnual Report of the Upper 
Shillong Agricultural Station 
for the year ending 30th June, 
1912. Price 2 annas. 

Annual Report of the Jorhat 
Agricultural Experimental 
Station for the year ending 
^th June, 1912. Price 2 


Report of the Agricultural 
Department, Assam, for the 
year ending SOth June, 1912. 
Pi'ice 8 annas. 

Note on Manures. Bulletin ' 
No. 23 of 1912 of the Dopart- 
ment of Agriculture, Assam, 
P) ice I anna. 

Report on the Season and Crops 
of Assam for 1911-12. Price j 
8 annas or 9d. 

R^ort on the operations of the ; 
Department of Agriculture, 
Burma, for the year ending 
30th June, 1912. Price 12 annas , 
or Ir, ’ 


Issued by the Department 
of Agriculture, Central 
Provinces «fe Berar. 

Issued hj’ the Department 
of Agriculture, Bihar 
and Oriss.a 

Ditto. 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


Issued by the Department 
of Agriculture. Assam. 


Ditto 


Ditto. 


Ditto. 


Issued by the Department 
of Agriculture, Burma. 


De.sh Scv.ak FrcM«, Nugpii,. 


Bihar and Orissa Printiti- 
Oftioe. Ranchi 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


A.ssam Secretariat PritUinir 
Office, .Shillong. 


Ditto. 


Ditto. 


Ditto. 


Government Printing 
Burma, Rangoon, 
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(Jemral Agriculture— 
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Report on the Mandalay Agri- Issued by the DepaitraeuL Government Printin- 
cultural Station for the year of Agriculture, Burma. Burma, Rangoon. 
191M2. 1 


68 


Season and Crop Report of 
Burma, for the year ending 
30th June, 1912. Price 8 annas 
or 9d. 


Ditto. 


Ditto. 


69j| 


1 


70 


Dry Weather Cultivation of 
Burmese vegetables on paddy 
soils. Cultivators’ 1 e afl et 
No. 39 of the Department of 
Agriculture, Burma. 

Winnowing Machines. Cultiva- 
tors’ leaflet No. 40 of the 
Department of Agriculture, 
Burma. 


71 Chain pumps. Cultivators’; 
leaflet No. 41 of the Depart- ■ 
raent of Agriculture, Burma. 


Ditto. 


Ditto. 


Ditto. 


Ditto. 


Ditto. 


Ditto. 


AgriruHural Chemistry, 


72 The Composition of the Milk of 
some breeds of Indian Cows 
and Buffaloes and its varia- 
tions. Part II.— Memoirs of 
the Department of Agricul- 
ture in India, Chemical 
Series, Yol. II, No, IV. Price, 
Re. 1-8. 


A. A. Meggitt, B.sc., b'.o.s., 
Agricult ural Chemist, 
Bengal ; and H. H. 
Mann, d.sc , Principal, 
Agricultural College, 
Poona. 


Thacker, Spink & Co., 
CalcLitt.a. 


7.S A Contribution to the Know- 
ledge of the Black Cotton Soils 
of India. Memoirs of the De- 
partment of Agriculture in 
India, Chemical Series, Vol. II, 
No. 5, Price, Re. 1. 


W. H. Harrison, :u.Sc., | 
Government Agricul- i 
tural Chemist, Madras; ; 
and M. R. Ramaswaray | 
Sivan, b.a , Chief Assist- 1 
ant to the Agricultural j 
Chemist, Madras. I 


74 Report on the Analytical Survey , I. H. Barnes, B.sc., F. I. c,, i 
of Sugarcane in the Guvilaspur p.t'.s,, a.r.I.p.H. j 

District (not for sale). 1 


Ditto, 


Mycology, 


75 


The Morphology and Parasitism , F. J. F. Shaw, b sc., Thacker, Spink A’ Co., 
of Mhizoctoyiia. Memoirs of ; a.k.c.s., F.L.S., Siipernu- ! Calcutta, 

the Department of Agriculture ■ merary Mycologist, 
in India, Botanical Series, i 

Vol. IV, No. 6. Price, Rs. 2. ; S 


70 Bud -rot of Palms in the Goda- I W. McRae, m.a., b.hc., Cover n m e n 
vari and Kistna Districts. : Govt. Mycologist, ! Madras 
Leaflet No. IV of 1912, of the Madras. 

Department of Agriculture, | 

Jladras. 


77 Anthracno.se (a disease of the Issued by the Department 
cotton plant). Cultivators’ of Agriculture, Burma, 
leaflet No. 34 of the Depart- 
ment of Agriculture, Burma, 


Government Printing. 
Burma, Rangoon. 
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S The Inheritance of some A. Honard, A.u.f.s., Thacker, Spink V c, 
rtharacters in Wheat. 1. f. r ft Imnovici /x. i li 


characters in Wheat, 1. 
Memoirs of the Department 
of Agriculture in India, 
Botanical Series, Vol. V, 
No. 1. Price, Re. V 


F.L.S., Imperial Economic Calcutta- ' 
Botanist ; and G. L. C. 

Howard, M.A.. Personal 
Assistant to the 
Imperial Kconoinic 
Botanist. 


Entumotogtf. 

79 The Cultivation of Lac in the i 0. S. Misra, n.A., First : Government Print in . 
plains of India {Tachanlia Assistant to the Imperial India Calcutta 
lacca, Kerr). Bulletin No. 28 ; Entomologist, 
of the Agricultural Research I 
Institute, Pusa. Price, 8 

annas or 9/Y. I 

SO Directions for the Cultivation of Issued from the Agricul | Ditto. 

Eri-silk. Bulletin No. 29 of tural Research Institute, 
the Agricultural Research ^ Pusa. 

Institute, Pusa. Price, 3 * 

annas or id. | 

si Tetrigimc {Acriditxx) in the j J. L. Hancock, f.e.s. Thacker, 8pink * Co 
Agricultural Research In- ' Calcutta. 

I stitute, Pusa, Bihar, with ■ 

descriptions of new species.*; 

Memoirs of the Department 
of Agriculture, Entomological 
Series, Vol. IV, No. II. Price, 

Re. 1. 

S2 The Big Brown Cricket (Brac/ijf/- | C. C, Ghosh, B.i., Assist- Ditto. 

trypes achatmus. Stoll). ant to the Imperial 

Memoirs of the Department Entomologist, 
of Agriculture in India, 

Entomological Series, Vol. IV, 

; No. III. Price, Rc. 1, 

sll Life-Histories of Indian 1 insects G. R. Dutt, K a , Assi.stant Ditto. 

{Hymenoplera). Memoirs of to the Imperial Ento 
the Department of Agricul- i raologist. 
ture in India, Entomological i 
Series, Vol. IV, No- 4. Price, | 

Rs. 2. I I 

iil The Juto Semi-looper {Ghora \ P. Sen, Entomological , Bengal Secretariat Press, 
Pofta). Leaflet No. of 1912 of | Collector, Calcutta, 

the Department of Agricul- i 
I ture, Bengal. ! 


Agrii'dltHYal Bacifrifilogif. 


8.0 Studies in the Bacteiiologica! < C. M- Kutchinson, b.a., Thacker, Spink Sr Co. 


Analysis of Indian Soils, 
Vol. I, No. 1. Memoirs of 
the Dejjartment of Agri- 
culture in India. Price, 
Rs. 2-8. 


Imperial Agricultural 
Bacteriologist. 
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LIST OF AGRICULTURAL PUBLICATIONS —concld. 



Veterinary. 


>!t) i A Note on some interesting I Major .T. D. E. Holmes, Government Printjiu. 

I results following the internal M.A., n.sc., M.B.C.v.s., India, Calcutta. 

administration of arsenic in I Imperial Bacteriologist, 

; canker and other diseases of Mtiktesar Laboratory. 

tlj0 foot in horses. Bulletin ' 

No. 32 of the Agricultural : 

Research Institute, P u s a 
Price, 2 annas or 3d. 

r*? Report of the Research Work of J. L). E. Holme.'^, m.a., Thacker, Spink & 

the Imperial Bacteriological n.sc., M.R.C.v.s., Ini- Calcutta, 

i Laboratory, Muktesar, during pei lal Bacteriologist. 

1910 and 1911. I. C. V. D. 

Memoirs, No. S. Piice, Rs. 7. 

Annual Report of the Imperial Issued by the Agricultural Superintendent, Govern- 
Bacteriologist for the year Adviser to the Govern- ment Printing, India, 

1911-12. Price, annas 3 9c 4<i. ruent of India. Calcutta- 

Ki Salvaraan in the treatment of Major J. D. E. Holmes, Thacker, Spink k ( (j,. 

Surra in Horses, Doga and >r.A., D-Sc., I.c.v,r.,lm- Calcutta- 

Rabbits. Memoirs of the perial Bacteriologist. 

Department of Agriculture 
in India, Veterinary Series, 

: Vol. I, No.^. Price, Re. 1-4. 

91 ) Note on Surra. Bulletin No. 27 E. W, Oliver, m.k.c.v.s., Government Press, United 

of the Department of Agri- f.z.s., Superintend- Provinces, Allahabad. 

! culture. United Provinces. ent, c.v,d., United 

Price, 6 pies. Provinces 

91 Anti-Rinderpest Serum. Culti- : Issued by the Department Government Printin'^. 

vators’ leaflet No- 42 of the . of Agriculture, Burma, Burma, Rangoon. 

Department of Agriculture, 

Burma- 

92 Breeds of Indian Cattle, K. Hewlett, M.K.c,v.a., Government Println</. 

Bombay Presidency. late^ Superintendent, India, Calcutta. 

Civil Veterinary Depart- 
ment, Bombay Presi- 

dency. 


WBLICATIONS OF THE IMEERIAL DEPART- 
MENT OF AGRICULTDRE IN INDIA. 


[To • E HAD FROM THACKER, SPINK k CO., Caluuiia, 


Animal Report of the Imperial Department of A^rienltiue 
Price, As. 12 or Is, 2<<, [Out of print.) 


in India, for the year 1904415. 


Report of the IrapOi'ial Department of A^Miculture in India, for tlie years 1905-06 and 1906-07 
Price, As. oor 7a. ^ 

Report of the Agricnltnral Research Institute and Colleffe'piisa 

Imperial Cotton Specialist), for the years 1907-09. Price Asf 4 tinclnding Report of the 

Report of the Agricultural Research Instituto atnl College, Piisa (incliidin*' Henort ■ftia 
Imperial Cotton Specialist), for the year 1909-10. Price, Ari or S. ^ 

Reportof theAKricultural Research In»titi^,e and College, Piisa (incliidiiig Report of the 
Imperial Cotton Specialist), for 1910-U. Price, As, 6 or Id. 

Import on the . Agriculture Rcscarcli lustit^e and College Pnsa (including Report of the 
Imperial Cotton Specialist), for 191 T 12. Price, As. 6 or Id. ^ 

Report on the Progress of Agriculture in India, for the yeai s 1907-09. Price, As. 6 or 7d. 

Report on the Progress of Agriculture in India, for the year 1909-10. Price, As. 6 or 7d. 

Report on the Progress of Agriculture in India, for 1910-11. Price, As 12 or D. Sd. 

Report on the Progress of Agriculture in India, for 19U-12. {In tiie pi'ess.) 

Proceedings of the Board of Agriculture in India, held at Piisa on the 6th January 1905 and 
following days {with Appendices), Price, As. 8 or 9(f. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 15tli January 1906 and 
following days (with Appendices). Price, As. 12 or U. 2rf. 


Proceedings of the Board of Agriculture in India, held at Cawnpur on the 18th February 
1907 and following days (with Appendices). Price, Re. 1-2 or D. 6d. 

Proceedings of the Board of Agriculture in India, lield at Pdsa on the 17th Keht nary 1908 
and following days (with Appendices). Price, As. 8 or 9d. 

Proceedings of the Board of Agriculture in. India, held at Nagpur on the loth February 1909 
and following days (with Appendices). Price, As. 8 or9cf. 

Proceedings of the Board of Agriculture in India, held at Piisa on the 21st Febrcary 1910 anil 
following days (with Appendices). Price, As. 8 or 9d. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 20th November 1911 
and following days (with Appendices). Price, As. 10 or U-. 

8tandard Curriculum for Provincial Agricultural Colleges as recommended by the Bosird of 
Agriculture, 1908. Price, As. 4 or 5d. 


'^^Q'\igricuUuralJournal o/ India." A Quarterly lournal dealing with subjects connected 
with field and garden crops, economic plants and fruits, soils, manures, methods of cuHi- 
vation, irrigation, climatic conditions, insect pests, fungus diseases, co-operative credit, 
. agricultural cattle, f ami implements and other agricultui al matters in India. Illustrations, 
including coloured plates, form a prominent feature of the Journal. It is edited by the 
Agricultural Adviser to the Government of India, assisted by an Advisory Committee of 
the Staff of the Agricultural Research Institute, Pusa. Annual Subscription, Rs, B or 8s, 
Swingle copy, Ra. 2. 



Memoirs of the Department op Agricdltere in India are 
issued from time to time as matter is available, in separate series, 
such as Chemistry, Botany, Entomology and the like. 


BOTANICAL SERIE5. 

Vol I No I, Studies in Root Parasitism. The Haustorium of firan«a?Mm alburn.^ 

’ Part I.— Early Stages by 0. A. Barber, m.a., F.L.S. Price, Re. 1. 

Part II.— The Structure of the Mature Haustorium and the Inter-relations 
between Host and Parasite by 0. A. Barber, m.a., f.l.s. Price, Ks. .3’ 

Vol. I, No. II. Indian Wheat Rusts by E. J. Butler, m.b., f.L.s. ; and J. M. Haymas, 
d.v.s. Price, Rs. S. 

Vol. I, No. III. Fungus Diseases of Sugarcane in Bengal by E. J. Butler, m.b., k.l.s 
P rice, Rs. 3. 

Vol. I, No. IV. oWMSiyo/tum, Roxburgh, by I. H. Burkill, m.a. Price, He. 1, 

Vol, I No. V. An Account of the Genus Pyihium and some Chytridiacem by E. J. 

Butler, m.b., f.l.s. Price, Rs. 4-8. 

Vol I No. VI. Gephalmros vlrescen$, Kunze ; The Red Rust of Tea by HAROLD H. Manx. 
D.sc. ; and C. M. Hutchinson, b.a. Price, Rs. 4. 

Vnl II No I. Some Diseases of Cereals caused by Sclerospora graminicola by E. j. 

' * Butler, m.b., f.l.s, Price, Re. 1-8. 

Vol. n, No. II. The Indian Cottons by G. A. Gammie, f.l.s. Price, Rs, 7-8. 

Vol. 11, No. HI. Note on a Toxic Substance excreted by the Roots of Plants by F. Klet 
CHER, M.A., B.sc. Price, Re. 1-S. 

Vol II No. IV. Studies in Root Parasitism III. The Haustorium of Olax ucandms by 
C. A. Barber, m.a., f.l.s. Price, Ha. 2-8. 

Vol II No. V. Studies in Boot Parasitism IV. The Haustorium of Camjera Rheedii by 
0. A. J3AKBER, M.A., F.L.S. Price, Rs. 2 S. 

Vol. U, No VI. Some Experiments in the Hybridising of Indian Cottons by P. F. Pvso.n, 
B.A., f.l.s. Price, Rc. 1-8. 

Vol II No VII. The Varietal Characters of Indian Wheats by. Albert Howard, jj.a.. 
’ ’ A. K.C-S., F.L.S, ; and Gabrielle L. 0, Howard, M.A. Price, Re. I, 

Vo! II No VIII. The Mulberry Di.sease caused by Coryneum Mori, Nora, in Kashmir, witl 
' notes on other Mulberry Diseases, by £. J. Butler, M.B. , f,l.s. Price, 

Re. 1-8. 

Vol II No. IX. The Wilt Disease of Pigeon-Pea and the Parasitism of Neocosmogpm 
casinffixta, Smith, by E. J. Butler, M.b., f.l.s. Price, Rs. 3, 

Vol III No. I. Studies in Indian Tobaccos, No. 1, The Types of riwfica, L, 

Yellow Flowered Tobacco, by Albert Howard, m.a., a.k.c.s., f.l.s,; 
andOABRiELLE L. C. Howard, m.a. Price, Us. 4. 


Vol. Ill, No. II. Studies in Indian Tobaccos, No. 2. The Types of Nkotiana tabaam, L, 
by Albert Howard, m.a., a.r.o.s., f.l.s.; and Gabrielle L. C, 
Howard, m a. Price, Rs. 9. 

Vol. Ill No. III. .Studies in Indian Fibre Plants, No. 1. On two varieties of Sant). 
’ Crotalaria junt'ea, h,, hy Albert Howard, m.a., a.r.o.s., f.l.s. ; and 

Gabrielle L. C. Howard, m.a. Price, Re. 1. 


Vol. Ill, No. IV. 


The Influence of the Environment on the 
Wheat in India. No. 1.— The Experiments of 1907-08 and 1903 09. By 
Albert Howard, m.a., a.r.o.s., f.l.s. ; H. M. Leake, m.a,, f.ls. : 
and Gabrielle L. C. Howard, m.a. Price, Re. 1-8. 


Vol. Ill, No. V. The Bud-Rot of Palms in India by E. J. Butler, m.b,, f.l.s. Price. 
Rs. 2. 

Vol. Ill, No. VI. The Economic Significance of Natural Cross-fertilization in India by 
Albert Howard, m.a., a.r.c.s., f.l.s. ; Gabrielle L. C. HowiRi). 
M.A. i and Abdur Rahman Khan, Price, Ks. 4-8, 

Vol. IV, No. I. .Millets of the Genus Setaria in the Bombay Presidency Sind 
by 0. A. Oammib, f.l.s., Imperial Cotton Specialist. Price, Ke. 1. 



Vol. IV,Ko. 11. 

voi. n- . No. in. 
Vol. IV. No. IV. 


Vol. 

IV, No. 

V. 

Vol. 

IV, No. 

VI. 

Vol 

V, No. 

I. 

Vol. 

V, No. 

II. 

Vol 

V, No. 

III. 

Vol 

V, No, 

IV. 

Vol. 

V, No. 

V. 

Vol. 

VI, No. I. 


Vol. VI, No. II. 


BOTANICAL SBRlBS^contd, 


Studies in Indian IfiUre i^ants, 1 , 0 . »orae r<ew Varieties of Sihiscus- 

cannabinus, L., and Sabdarj^a, L., by Albert Houari' 

A.K.C.5., y.L.s.;and Gabriklle L. C. Howard, m.a. Price,' 

Notes on the Incidence and Effect of Sterility and Cro3.<^- fertilization in 
the Indian Cottons by H, M, Leake, m.a. {Cantab.}, e.l.s - and Ram 
Prasad. Price, Re. 1, . , . 


Note on the Inheritance of Red Colour and the Regularity of Self-fertil- 
ization in Corchorus capsularis, the comraon Jute Plant, by I H 
BdrKILL, m.a. ; and R. S. Finlow, b.sc., f.o s. Price, Re. 1. 
Observations on Certain Extra-Indian Asiatic Cottons by H. M, Leikk, 
M.A.,F.L.S.; and Ram PersHAD, Asst, to the Economic Botanist. U. p! 
Price, Re, 1-8. 

The Morphology and Parasitism of Rhizoctonia by F. J. F. Shaw, b.sc, 
A.R.c.fc;., f.l.b. Price, Rs. 2. 

The Inheritance of some Characters in Wheat~I, by A. Howaud, m.a., 
A.R.O.S., B.L.S. : and Galriblle L. C. Howard, .m.a. Price, Re. 1. 

The Influence of the Environment on the Milling and Baking Qualities 
of Indian Wheats. No. 2.— The Experiments of 19(i9-l() and 1910- II by 

A. Honvart), m.a., a.r.u.s,, f.l.h. ; Gabbielle L. C. Howard, .m.a. ; and 
H, M. Leake, m.a., im.s. Price, Re. 1. 

The Varieties of Soy Beans found in Bengal, Bihar and Oiissa and thcii- 
Commercial possibilities, by E. J. Woodhoi’se, m.a.; and C. S. Taylor, 

B. A. Price, Rs. 2. 


On Pliytophthora Parasitica Nov. spec, by J.F. DastUR, b se. [In the preis.] 
Studies in Peronosporacce by E. J. Br;TLEK, m i;., b.l.k., Imperial 
Mycologist, and G. S. Kulkarxi, L.Ag., Mycological Assistant, 
Bombay. Price, Rs. 2. 

Notes on Pollination and Cross-Fei tilisation in the (.'onimon Rice Plant , 
Coryza satioa, Linn. [In the press.) 

A Sclerotial Disease of Rice by F. J. F. Sh aw, b sc. (Loud.), a.r o s., 
F.L.s. [In the vi'ess.) 


Vol. 

I, No. 

I. 

Vol. 

I, No. 

11. 

Vol. 

I, No. 

III. 

Vol. 

I, No. 

IV. 

Vol. 

I, No. 

V. 

Vol. 

I, No. 

VI. 

Vol 

I, No. 

VII. 

Vol. 

I, No. 

VIII. 

Vol. 

l.No. 

iX, 

Vol. 

I, No. 

X. 

Vol 

11, No. 

I. 

Vol 

H, No 

. u. 

Vol, 

, II, No 

. 111. 


CHEMICAL SERIES. 


The Composition of Indian Rain and Dew by J. Waljrb Le-viheb. 
Fh.D., F.C.s. Price, Re. 1. 

The Composition of the Oil Seeds of India by J. W. Lkathek, bIi.d., 

■ Price, Re, 1. 

The Pot-Culture House at the Agricultural Research Institute, Pusa. by 
J. W. Leather, rh.D., f.c.s. Price, R.s. S. 

Experiments on the Availability of Plioapliates and Potash in .Soils by 
J. W, Leathek, Fh.T)., F.c.s. Price, He. 1-S. 

The Construction of Drain Gauges at Pusa by M. H. Ali^^OTT, M.lBST.i.E., 
with a Preface by J. W. Leather, Ph.D., F.c.s. Price, Ks. 1C 
The Loss of Water fiom Soil during Dry Weatlier by J- W.ilter Leather. 
Ph.D,, F.I.C., F.c.sf. Price, Rs. 2. 


The System Water, Calcium Carbonate, Carbonic Acid by J. Walter 
Leather, Ph.D., F.I.C.. F,c.s. ; and jAmoRA Nath Sex, m.a., p.c.s. 
Price, Re. 1. 

Water Requirements of Crops in India by J. Walter Leather, 

F.i.C., F.C.S. Price, Ks. 3. 

The Nature of the Colour of Black Cotton Soil by H. E. Anxeit, B.Sc. 
(Lond.), F.C.S., M.s.E.A.c, Price. Re. 1. 

Water He,eiren.ent, of Cfops in 
ph.D., F.I.C. , F.C.S. , Imperial Agvicultin al Cliemist. j nee, H.. - 0 . 

Tho Curanosition of the Milk of some Breeds of Indian Cows and 
^ I; by A. A. Megoitt. b.sc. (Lond.). 

and H. H. Manx, d.sc. Price. Re. 1-S. 

Records of Drainage in India by J. W. Leather, rh.D., F.i.e., 

Price, Re. L 



CHEMICAL 5eRIES-«on(il. 

Vol, II, No. IV. The Corapoaition of the Milk of some Breeds of Indian Cows and ButfaW 
and its Variations, Part II, by A. A. Meggitt, b.sc. ; and H. H. Ma\v 
D.sc. Price, Re. I S. 

Vol, II, No, V. A contribution to the knowledge of the Black Cotton ISoils of India k* 
W. H. Harrison, m.sc., and M. R. Ram as vv ami Si van, b.a. p,w 
Re. 1. ’ 

Vol. II, No. VI. The Date Sugar Industry of Bengal. An Investigation into its Chemistn- 
and Agriculture. By IT, E. Annett, B.Sc., F.C.s., m.s.E.a.O., assisted V.;. 
G. K. Lele ; and Bhailat, M. Amin. Price, Rs. 3. ^ 

Vol. Ill, No- I. Studies in the Cheraisti’y and Physiology of the Leave.s of the Betel 

by H. H. Mann, t.>,sc. ; D. L. Sahasrabudhe and V. G- PATWARDniv 
[in iM press ) 

Vol. Ill, No- 11. Evaporation from a plain Water Surface by J. W. Leather, 

K.i.o., F.r.s, [In the press.) ' ’’ 


ENTOMOLOGICAL SERIES. 

Vol. I, No. I. The Bombay Locust by H. M. Lefkoy, m.a., f.e.s., e.z.s. Price, Us, 2 ^ 

Vol. I, No. II. The more Important Insects injurious to Indian Agriculture by H M 

Lefroy, M.A., F.E.S., P.Z.S. Price, Rs. 3. {Out of print.) ' 

Vol. I, No. III. The Indian Surface Caterpillava of the Genus Agrotis by H. M. Lffrov 
M.A„ F.K.8., F.Z.S. ; and C. C. Ghosh, b.a. Price, Re, 1-8. ' ‘ 

Vol. I, No, IV. Individual and Seasonal Variations in Helopeliis Theivora, Waterhouse 
with description of a new species of Helopeltis by HarolI) H, M.iixx 
D.sc. Price, Re 1-8. 

Vol. I, No. V. The Coccidje attacking the Tea Plant in India and Ceylon by E. E. Gkeen 
F.E.S. ; and HaROLD H. Mann, D.sc. Price, Re. 1. 

Vol. I, No. VI. The Mustard Sawfly by H. M. LeFUOY, M.a., f.E.s., f.z.s. ; and C. C. 
Ghosh, b.a. Price, Re. 1. 

Vol. II, No. I. The Rice Bug by H. M, Lefhoy, m.a., f.h.h., f.z.s. Price, Re. 1. 

Vol. n, No. II. Remarks on Indian Scale Insects (Cortidff;) by E. E, Green, f.e.s. k/s 

Price, Re. 1-8. 

Vol. II, No. HI. The Red Cotton Bug by H. M. Lefroy, m.a., f.e.s., F.Z.S. Price, Re. 1. 

Vol. 11, No. IV. The Castor Semi-Looper by H. M. Lefroy, m.a., f.e.s., f.z..s. Price, Rs.'J. 

Vol. II, No. V. The Tobacco Caterpillar by H. M. Lefhoy, m.a,, f.e.s., f.z.s. Price, Re.l-s 

Vol. II, No. VI. The Cotton Leaf-Roller by H. M. Lefroy, m.a., f.e.s., f.z.s. Price, Re. l->. 

Vol. II, No. VII. Notes on Indian Scale Insects [Co^ddffi) by H. Max\yell-Lefrov, m.\. 
F.E.S. , F.z.s. Price, Re. 1-8. 

Vol. II, No. VIH. Life Histories of Indian Inaects [HohopUra—l), by H. Max well- Leehoy, 
M.A., F.E.s., F.z.s. Price, Ks. 2. 

Vol. II, No. IX. Life Histories of Indian Insects -II. Some Aquatic Uhynrhota ami 
Coleoptera, by D. Nowrojee, b.a., Asst, to the Imperial Knto 
mologist. Price, Re. 1. 

Vol. II, No. X. Life Histories of Indian Insects— III, The Uhinoceros Beetle 

Rhinoceros) and the Red or Palm Weevil [Rhynchophorus Ferrnfjmju' 
by C. C. Ghosh, b.a,. Asst, to the Imperial Entomologist. Price, Rs. ‘2. 

Vol. HI. The Food of Birds in India by C. W. Mason, m.s.e.a.c.. edited by H. 

Maxwell-Lf.froy, m.a., f.e.s., f.z.s. Price, Rs- 7 8. 

Vol IV, No. I. Eri Silk, by H. M. Lefroy, m.a., f.e.s., f.z.s., Imperial Entomologist; ami 
0. C. Ghosh, b.a., As^sistant to the Imperial Entomologist. Price, Ks. 'i 

Vol. IV, No, II. Tetriginic (Acridiiisc) in the Agricultural Re5<earch Institute, I'usa. witti 
descriptions of new species, by J. L. Hancock, f.z.s. Price, lie. L 

Vol. IV, No. III. The Big Brown Cricket {Brachytrypes achutlnus, Sstoll), byC. C. Ghosh, u.a. 
Assistant to the Imperial Entomologist. Pidce, Re. 1. 

Vol, IV, No. IV. Life-Historie.s of Indian Insects (Hymenoptera), by (L R. l)i TL mA- 
Assistant to the Imperial Entomologist Price, Re. 2. 

Vol, IV, No. V. Inquiry into the Insecticidal Action of some Mineral and other compoumb 
on Caterpillars, by H. Maxwet.l LefROV, M.A., F-E.8., F.Z.S., Iniperiaf 
Entomologist and K. S. Finloav, ii.se., f.c.8., Fibre Expert to tlicbo'i 
of Bengal. Price, Re. 1-8. 



Vol. 


I, No, 1. 


BACTBRIOLOQICAL SERIES, 

Htuuiea in the Bacteriological Analysis of Indian SoiU w 
HUTChlNSoN, B.,., I,„pe,-ml Agk BalSogi?° 


!• By C. M. 

Hs. L> 8. 


Vol 


VETERINARY SERIES 


I, No. I. 


teaar. Price, He. 14 ’ ‘^^'ctenologisr. 

\'o], l,No. ni, Some more successful Expeiiinents on the treatm-^nf ^ 

m"' t,.at r, t 


BULLETINS ISSUED BY THE AGRICULTURAL RESHAUrH 
INSTITUTE, PUSA. BARCH 


So. ^• 
So, ',?• 


No. 3. 


So. 4 


No. 6. 
No. 7. 
No, N. 

So. 9. 
So, 10. 
So. 11. 
No, VI. 
So. 13. 

So. U. 

So. la. 
So. 16. 

Sc. 17. 

5o. IS. 

^0, 19. 

?o, 2 (t. 


notes DU Cotton in Beiiav in 1004, hy H. M. LRPhov, m,a. v v . 
Entomologist, Pi-ice, As. 4 ov 6^<. ’ ' ' 


Impel iat 


An Outbreak of Cotton Pests in tlic Pun jab. 101),", by H. M 
F.Z.s., Imperial Entomologist. IMce. As. 4 or 6fb ' 


LKt-'KOY, M.A,, K.K.s.. 


The Extension of Jute Onlbivafion in India, by U. M, FjNtow unc prk i « 
Specialist to the Oovemment of KastPrn Bengal and Asstim."'' PHce ic - 
or U. 2rf, (Out of print.) ‘ 

First RepoH on the Fruit Experiments at Hu<.a, by A, Howahu m a 
a.-r.C.R, (Loiul.), F.L.S., Imperial Economic Hotaiiist. Ibii'c, As, ii or e't ’’ 

Report on tvials of the South African Lnnist Fungus in Ijnlia, bi- E HrriRi. 
M.B., P.L.S., Imperial Mycologist ; and H. M, T.kfuoy, .m.a,, f.r s f ? s ' 
Entomologist. Price, As. 2 or 3(f, ’ 

The Ticks Infesting Domesticated Animals in India, by C, WirnfiiToN \r 
Koologist to the Royal Agricultural .Society of England. Price, As, 4 or ’ 


A Preliminary Account of the Biting Flies of India, by H, M . Lp.fhoy m a kps 

F.Z.S., Imperial Entomologist. Price, Re. I or Is. 6d. {Out vf print.) 

Ofticial and Recommended Methods for use in Cliemical l.ahoratorie/ of the Denart- 
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